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hwfx‘;Rhine salmon doés not eat, and usually not even afterwards."

-"fl“parasitological proof for MIESCHER's statement by inferring from

;°°ql_the_qualitative and quantitative composition of the parasitic fauna.:

L. Introduction:jh;hh;”

-

" 1. Preface’

-y

On the basis .of his intensive studies, Friedrich MIESCHER'(66)ﬁE
'e~'makes’the following statement: : B

"From the time it leaves the sea until it hgs spawned, the:.

Friedrich ZSCHOKKE (110, 111, 112, 114) tried to uenish |

\ffhof Salmo salar in various waters the nutritional habits of the.

"fish in the sea and-in the various.rivers. He reached the foilowing‘f; f

~_ conclusion:

"Salmon does not take in any food in fresh waters, at least:i“ﬁ'

- not while ascending and spawning."

Since the publlcation of these two reports, many more have
‘iheen published by English, Scottlsh and Dutch researchers in ‘  |
o particular which in part reject, in part agree with the above '

v1ews formulated on the ba31s of accurate and thorough studies f'

Untll ‘today oplnlons dlffer -on the feedlng or fastlng of salmbnfinl

fresh waters.A




It appeared therefore desirable to continue ZSCHOKKE'S:;

studies on a large scale to achieve definite results. Another .°

‘reason for this study was also the fact that'the abundance.of |
salmon in the Rhine is decrea31ng slowly on account of 1ncreasmngly
smgller spawning grounds. By dams of all sorts of factorles but ff-ﬁ
particularly by the many power statlons the spawning grounds of b
the salmon which used to ascend the Aare, ReuB and lemat Rlvers

. as far as the Alps, have been restricted to the short dlstance o

between Augst and Basle in the Upper Rhine.

For this reason and the_one- ‘metitioned prev1ously I started33_ﬁn‘
studies on the salmon, and put myself a question which I tried to BRI
answer first for the Rhine salmon, and then also for salmon from

other waters, namely the question:

Can inferences as to the nutritional habits of Salmo salarg‘ﬁ  '
be drawn from the parasitic fauna of the Rhine'salmon'and from

the parasitic faunas of salmon of other waters, and by comparing~f9§3'

these faunas with each other? -

Or, to express it in more general terms:

What is the significance of parasitological_faunisticl?;;l

findings for nutrition biological reflections? on- nuﬂﬁfwﬁf?zl;~ ,Q;Q:&~ 

I started my studies at'the‘endj6£’the'summef_térm of_i9i2;d ;1‘ Qg"f‘7“




ﬁiThe condltlons prevailing here permltted my collectlng sufficxent
";flsh mater1a1 only during the autumn and w:nter months. Only a
ofew intestines were examined durlng the Sprlng and summer months;
?and those were malnly of non~wass salmon. A total of 200 salmon-

iintestlnes was examined whlch were of the followxng origins: o

SYFrom‘the Upper Rhine .  $7’128 ) Rlver area Of:\
""" From the Middle Rhine -7 81 the Rhlne o
:TfftiFrom the Lower Rhine (including the 'f”f“‘l?O
- mouth of the Rhine) ,(~* L
Q;;iFrom the Moselle River (Alzet) l7ap<'jflwﬂ

'21}‘

f;From the Weser«RiVéfi:“ R gg T
, IS "ff‘_5 R

“From the Lolre Rlver S

" From Norway | - ot .h';él -
C Tota

ARSI Professor Dr. Fr. ZSCHOKKE was good enough to put at my -
SR "disposalythe material collected by him(for statistical purposes, ~ff7, o
T P /L_ ) p s 8

" and I shall make use of it particularly in the chapters on the

B

' frequency, number and origin of .the salmon parasites. Here I
f*,5wou1dvalso like to include the following material in order to give

ofi“‘”}: - a complete review of all the parasites collected jn Basle:

.51889 45 salmon §ésh-from the Rhine
1ﬂ1891 129 '_ ‘ | f”
‘{ 34 from the Baltlc Sea

:‘(1nclud1ng the 45 from 1889)V§




_ HAUSMANN (35) in 1897 because his parasitological examination dealt = ...

‘glands, on the intestine and between the pyloric. appendages,l"fiv_ o 5?! S

_1896;' 5 from the Middle and Upper'ﬁhinéfijQfﬁﬁﬁT‘?'%
1896: 3 from the Dutch Rhine U’fi': NP
X _____________]_-,Q from the North Sea . ke
| Total: 181 salmon fish

.u’

I have not included the 20 salmon Specimens examined by'fijw

only with'trematodes.

If we add the salmon examined by ZSCHOKKE and by myself for g§f"5
parasites, we get a total of 38l salmon, 307 of which came from .
the Rhine and 74 of which originated from other wapers,_partly grom .1

rivers, partly from the sea, .

The material to be examinea - the.fish‘inﬁestines ~vwere'1
put at my disposal most willingly by fishmongers in.Basle. WheneverLSff >
possible, the intestine was cut‘off at the anus and pulled out |
with the head, together with all connected organs such as'liver,_ f :}fi5h%';x
spleen,cagénital glénds etc. In this mannef I at least obtained | - |
the complete 1ntest1nes and presumably also the maJormty of parasmtesﬁ‘-
1n the body cavmty. It was of course impossible to ascertamn what :T'Ff
remained behmnd 1n the body cavmty, but in my opinion itcwas not

much, Most of the parasites were incapsulated in or on the various

Now and then I obtained intestines alSoAfromfinhs. -




jsalmon on the spot to examine it for blood para31tes but the

ufresults of such tests were always negatlve.

Several times I took blood from a fresh catch of Rhine

I would like to take this epportuhity to express my heart 
“.., felt gratitude to everyone who has assisted this study by his
--ﬁ'advice or cooperation. Above all I wish to thank my venerated

‘ ”fﬂi>teacher, Professor Dr. Fr. ZSCHOKKE, from the bottom of my heart
"Tiffassisting me with valuable advice and permitting me to make full.ff
37use at any'time of-his extensive collection of literature of'

\‘f parasites.iThanks to him I was able to use the facilities of the B

‘1;f:'considerable delay in my work, and also during the long vacations;

:‘:?;EI was thereby enabled to continue my work in spite of having to

‘ 'I derlved the crreatest poss1b1e benefit from his extensive

experiences in the field of parasitology, especially during our

* " working together on the parasites<ef Salmonidae from Kamchatka,

I am greatly indebted to Dr. C. von JANICKI for his v1v1d“h

ready’

"7>1nterest in the ~progress of my studies and\hls/adv1ce ‘and

o cOOperatlon.

?:?5?for his unfailing devotion in supervising my work, encouraging and-

' Zoological Station at any time, even during the war which caused L

.devote much tlme to my duties in the border control service 1914/15;:j;

",I:'fwoui_l.d also l_ikef_vtq: thank the two fishmongers in Basle, '




supplied me in the most generous way with an abundance of mater

" Mr, CHRISTEN and Mr. GLASER; eSpe01ally Mr. Christen andmhls flng

ja
{pl

for mny studies and always tried to comply Wlth all,my.requesps,

5;} 2 The nutrition of Salmo salar at various develop- |

mental stages, in the sea and in fresh waters

' In the following I would like to summarize our knowledge;
on the nutritional habits and food of the salmon at its variousef.
developmental stages and in its various habitats (sea and rivers);f

We will see that opinions still differ widely on all questions

concerning the nutrition of Salmo salar,

(a) The young fish in fresh waters: Dependihglon the
temperature of the water and on general elimatic conditions, the.:v'
young salmon hatch from the egg membrane after 45 - 148 days Théyﬁfr”d
are born as tiny fish, with the vitelildine sac still attached to g ,’>
them which is their first source of.food. Their mobility'increases;:délérzﬁj
by the gradual resorption of the vitellus,until finally they are‘;ii'
able to look for food~themselves. They find the rich mud and |
So0il fauna of a mountain stream ready for them to feed on. The blgger
the fish becomes, the more 1nsat1able is its appetlte. It does not -
feed so much on the plancton which occurs only in scarce amountsf7" ‘
in flowing water, but mainly on the llVlng belngs under stones

i
and on’ plants The following llst Wlll give an idea of the varlety ’*=f§'[
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{of food of ‘the ycung'salmon;'

’ According to HOEK (40, 41): Larvae of Chironomus, Baetis,

. Simulium, Perla, Hydropsyche, Cloe, Eohemerella; diptera, insects;
'ifrarely'Ancxiﬁs (house with snail);.insect'eggs. No plancton. £
Tflneithef Daphnia nor copepodes. . |

According to FRITSCH (24): Baetis, Hydropsyche, Cloe,

-fi Chironomus, Simulium, ants, Glossosoma, Potamanthus, Oligoplectrum

i;TPerla Sericostoma; Rhizotrogus (beetle). Rarely and in contrast to-

TJHOEK Asellusaquatlcus Ancylus and Splders “Now and then also "

salmon eggs Wthh the young fish rdgreggs laid by adult fish.

Accordlng to M&.INTOSH (64): Beetles, flies, 1nsect larvae

% and small crustaceans.

According to SELIGO (92):'Midges'and other insect'larVae{?f

“." - also smaller species of crustaceans.

(b) Nutritional habits of the descending;young salmon: Afterff

‘ ’-attamnlng a length of 11 -.21 cm, the young fish start migrating -

towards the sea always taking in food on their way, thls food,
| however, gradually changes in its comp051tlon. HOEK has shown that .

.in streams and rlvers they feed malnly on 1nsects and insect larvae;

. The closer the fish get to the sea, however, the more they feed onet

"plancton In the mouth of the river the youngmsalmon—llves on the jfﬁ

— _,_"-—'""

:abundant fauna of bracklsh water. It feeds on crustaceans of all




kinds, above all on Gammarus locusta, Crangon vulgaris and the

schizopod Mysis wvulgaris.

(¢) Nutritional habits of the salmon during his first

o

stay in the sea: As soon as they reach the sea the young salmon

disappear in the depths and canono longer be observed. Based on

+heir -
the scarce findings, we can only speculate on i%6 nutrition there.,‘-

" Various authors have tried to throw light on that part of the'llfe‘1f A

cycle of salmon, with varying success, All researchers agree,

however, that salmon, both Eurbpean and American and Asiatic, are .

extremely voracious in the sea,’ _ : IR S T o

MURRAY (39) has tried to demonstrate where and when salmon ub:f L?j,;g
feed in the sea.‘He'suspected a certain connection between th27%a0t§ j\':§  MEi
that whenrthe.catches of herring along the coast are poor, the o e
number of salmon ascending the streams is also small, and he did
find such a connection. On the border betweén shallow water and

the actual deep sea, at a depth of 180 - 200 m, there lies a mud

’

zone ﬁhich is the habitat of vast numbers of molluscs and crustaceans..
The main and 1nexhaust1ble "hunting grounds" lle north of Scotland -
as far gs Norway. Tldal movementS'and storms whlch turn up the sea

down to its very bottom, carry the inhabitants of that mud zone, - ’} zr*"‘.-"'_':/i
particularly schizopods' and copepods, to the "higher layers of water'.

where they fall prey to the hungry hefring and young salmon. .{ ' » u”[V_;



-~ .. did not have enough food; they remained in the sea therefore to!

':E}ff'prolong'the period of nutrition instead of appearing at the coaStS,

.;li also live in those hunting-gfounds which were described above.<;f§
“'E;»~They attack above all smaller and weaker animals appearing thereiz
““9f iLafgé numbers of herring, smelts, stlcklebacks and garpikes fall

SRRt prey,to the voracious sglmonaw*“”””

According to MURRAY's (39) studies, that source of fodd@

‘seems to have failed to materialize, and both species of fish !

}

(d) Nutritional habits of older salmon in the sea Older

\and 0ld salmon which have made many a Journey up--and down the streams;

o et RIS
R,

We- know the Baltlc sea salmon to undertake frequently long

i journeys to find food. SELIGO (92) assumes even that they 'jﬂ'ﬁizi_

”“Vipcc331onally leave the basin of’ the Baltic Sea to look for sumtable

“  also seals. S S o e

' stays in greater depths, i.e. colder water not far from the coast,

food in the North Sea. Large numbers of sprats, herring, Toblas L
' flSh, sticklebacks and also young COdflSh are found in their

stomaghs.

IﬁCidentally"these=feeding places are frequented also by

the various enemies of the salmon, namely dolphins, sharks and

In general it can be said that the salmon in the sea usuallY:v--

i-feeds vorac1ously there grows rapldly in 31ze and welght and thus




~ fresh waters., L -,

At present there are still doubts about the actual perlod ;

e il

durlng which Salmo salar feeds s0 7 voraciously w1thout 1nterruptlon.

Presumably it doe;bot‘go on its first journey upstream before the
age of 3 or 4 years..Likewise, we do not possess any”definite.i
knowledge on, the number of mlgratlons within the life cycle of af
salmon and in particular on the periods in the sea between the o
individual journeys through fresh waters. American opinion has 1t‘iﬁhef

that salmon migrate every 2 years, according to SWedlsh reports

. (LANDMARK 1892, [22] ), every year. MIESCHER (66) reports d:.fferently S o

on the Rhine salmon: according to him, the salmon lives through -
" a maximum of 3 spawning seasons or migrations; in between the
individual trips there may be intervals of 2 years for males, and i

: general NG
2-3 years for females. That researcher draws the following/con-

clusion: " The migration habits seem to differ from river area to%xeefie
river area; they perhaps depend on the length of the way in the _:;Aﬂ“

river and on the range of distribution in the sea."’

(e) Nutritional habits of. the salmon ascending the streams_f;fff,a.iﬁ

to_spawn: Ae'yet we know little on this part in the life cycle bfl
the salmon. Generally speaking, we may say that during the Spawnlng
season the salmon, similar to all Salmonidae and many other

' migratory fish, goes entlrely or.almosbzentlrely‘W1thout.food£fr,Z:M
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L niei s

,,j:"The Rhine salmon performs the most amazing and thorough fastln.
‘};ﬁ‘test known to physxology(MIESCHER)". Accordlng to numerous studles;

ifthe salmon seems to fast for long ‘periods.

Even before MIESCHER, several researchers had pointed'ouﬁ~

'{7that53alm0n fast in fresh waters. After MIESCHER the discusSion'on“{

"1“_¥:thls question was contxnued Below, I have summarlzed observatlons 5

b

f?gthis problem.n

“9?.I‘would like to start with'some reports of earlier date:”ﬁ

v

><;f'RONDELET (1507-1566): Salmon become fat in the rivers.

. WILLOUGHBY (1635-1676): The returning salmon are thin. .
: KNOX (44): Salmon do not take any food in the rivers after;f;ei 
.'*Tthey have been to the sea., ' ' ‘ | | ‘,
‘ OWEN(Sl). ‘Freshwater salmon feed voraciously, but have thefpie'
habit ef vomiting all the food when caught.
| v.SIEBOLD (93): "I cannot but mention here that until'now%iﬂ -ev
' examinations and "escriptions of the digestive tract of salmon fiek
- have completely disregarded the fact that these fish go without = -
.. food for weeks before and after their spawning seaeon, and that
e ?;;their_stemach contracts very much." | '
¥ '“: - E ﬁc.INTOSH (64): Tay salmon does‘not.fast completely, but H

takes in food‘oeeasionally; aithough,et'greater intervals and not .




Sl

voraciously, as is proved by the stomach ccntents.;The‘latterf
cohsists only of the well-known tough mucus. Ten times parts of

'the skeletons of fish, small pieces of crustaceans and 1nsects

were found. More than 100 salmon were. examined***":

- et

. BARFURTH (4): 20 Rhlne salmon were examlned Esophagus and:
stomach contained only white, tough mucus. Npthlng was’ found in- :"
any part of the digestive tract which indicated the:intake of .
food (spawning salmon). The same results from September to_December:;;mw_'
Only now and then wood particles or plant fibres. In 3 winter saimonf7;;f?5
from the Lower Rhine remains of food (parts of insécts, insect Lo
larvae, cycloid scales) were found. According to private commumcatlonaVW'

(Clupea harengus)
of fishermen, parts of flsh/were found occasionally in ‘salmon from

the mouth of the Rhine, but nolﬂfarther upstream. BARFURTH also.“‘"fn
quotes the following on this question: BERTRAM (1865) - examlned
hundres of fish and found traces of food only rarely. BUCKLAND

Examined large‘ number -of salmon, always found intestines'empty orc?,,;f

food, frequently with intestinal worms attached."'~f':“-f'r

Let us now quote more recent results:

MIESCHER (66): The Rhine salmon does not take in food from . -
the time it ascends from the sea until it has spawned, and usually"
not even afterwards. Marine salmon (North and Baltlc Seas) feed

voraciously. Esophagus and stomach contracted already 1n salmon frcm) 7'_fkf¥f%




‘the mouth of the river. Remains of food rare, Occasionally small

} stones, grass stalks, plant ‘stems -in esophagus or stomach; they

I

were swallowed with the river water, Once in the small intestine'
*,a falrly large 1nsect larva, but completely undlgested and 1ntact
" Only tough micus in esophagus and stomach, also in the intestine.

EiNEver any traces of digestion. Gall bladder alwayékmpty;

Takes in food very rarely when returning to tne sea after
spawning. Only once remains of two fish (presumably Leuciscus) wereff
“o* found in the stomaeh. Stomach slightly distended, with some thin;p”

“secretion with acid reaction. After spawning salmon revert to the

1*;ftype of marine salmon in spite of extreme emaciation. Degeneratiwe_
“'phenomena disappear.. l
| <ZSCHOKKE (112): In esophagus, stomach and intestine only ¢f7iyﬁik

fﬁ mucus . Among 129 salmon, plant fibres and a slightly digested

f’;éammarus pulex were found in the small intestine one t1me each.

Remalns of ‘a sand eel found once in the stomach of a Dutch salmon.
FRITSCH (24): Ascending Elbe salmon always with empty stomach

Mn:only yvellow tough mucus. ‘Reported to snap for 1nsects in restlng

places (as a pastime). After spawning, ‘as "Tuloc™" (= vagabond)
f taklng in food now and then - various 1nsects and 1nsect larvae.;

O ce an old salmon was imprlsoned together w1th R young salmon,_vf

ffflt ate two of them. o

HOEK;(BS)p Wlth few exceptlons (7 of approx1mately 200)




together in stomach which has folded walls, 1ntest1na1 eplthellup
destroyed, even in W1nter salmon. Regr6831on of dlgestlve tract i

starting already in the sea. FlSh after spawning have completely

’empty stomach. Only once a Gammarus pulex was found; presumably it

- had entered the gullet with respiratéry water and was swallowed.
No remains of food in intestine, oniy sticky~mucus. No edipese:eerer:
. on pyloric appendages. No longer any parasites. - o
~ PATON and ARCHER (83): Scottis¢h and Engllsh salmon do not
take any food in fres water. Degeneration of gastric and intestinalﬁf?e
mucous membranes, Decomposition bacteria in the intestine of ascendirép
salmon, particularly in the uvnper course of the river, numerouS' L
because destroylng acids lacking. Fat disappears., Before the fish
reach the sea agaln they are completely restored to their previous
condition. N
GULLAND (31): Examined 118 salmon (Scotland) from sea,
river mouth,'river (ascending or deseending). In fresh water, L
stomach.and intestine pathologically degenerated so that‘intake‘ofg“‘iia
food is impossible., Gastric mucous membrane degenerated 'Inflammatien*;g
spreading more the farther the fish migrate. Gall bladder empty; PR
it starts filling slowly only when the fish are descendlng, ‘a 31gn’;fif
that the liver also starts functioning egaln,rStay 1n_£resh water_*MT'nw

is not responsible for these,conditions;as,they start@already-in;_;qnjf




g 'ahm%
-the sea and because/all organs have beenn regenerated before th

:fg descending salmon reach the sea, at least the stomach Spawning
?iéprocess is the determznxng factor., |
| 'BROWN (14): In the sea: clear'fluid in stomach w1th acid
}reaction Food. No yellow mucus In fresh water: intestine fllled
}hﬂmore or less with yellow mucus. Inflammation of mucous membranes .
-L:Adsorptlon of fat. No food. Results- in fresh water salmon are- not
";fln a pos1tlon to be as voracious as in the sea, but they may feed

}i~‘occas1onally,;depend1ng on the cllmate, location, temperature'and s
”fié;_amount of water.

BARTON (5): Inflammation of epithelium in intestine andffﬁs

;”‘stomach due to post-mortal effect. In.healthy'fish intestinal ‘
s epithelium completely 1ntact No pathologlcal phenomena in flSh from Vll |
Ly fthe upper course of the rlver elther. His views are opposed to'_ |

| those maintained by GULLAND.

" GULLAND (32): Reply o BARTON. Insists on his flndlngs which ”},
:_were also made before the death of the fish.

BARTON (6): After spawning the salmon can again take in:foodjlé¥y

“ . they do it, too, although in small quantltles. Adipose globules in,

;. the intestine prove it. They feed on 1nfusor1a and other lowerfﬁ*

j7an1mals, - “ |
‘ _TOSH (99): In a river as short as the Tweed sabnon do not f
.ﬂ{feed at all, except under unusual circumstances whlch force them to

?fi<¥stay 1n fresh waters for a prolonged penxod >




19!

4
,g

. . 4
McMURRICH: Fmsh of the genus Oncorhynchus in North America4

and Alaska never take food in r1vers. Intestine contracted stom?ch
-hardly discernible, |

SCHMIDT:(116): The specmes of Oncorhynchus do not feed at

all in the Asiatic rivers (Amur, etc.). Intestlne and’ stomach

contracted, mucous membranes degenerated, '

By way of concluS1on, I would llke to add to fhese dlfferent
observations and results my own experiences made W1th salmon from J[fTﬂ?l

various rivers,

‘Norway salmon: (4 specimens) from the sea: 3 of them containédoao;%
many remains of food, partly digested fish, scales, otoliths'in i

intestine and stomach Only very llttle mucus. No food remalns in :

the fourth specimen; ovarla were already falrly big., o "rfﬁlz"

Weser salmon (21 Specimens): all of them ascending‘or AR ST R
spawning - never food remains in stomach or intestine, In esoohagus fff*-g+a,fﬂl

and stomach,slightly watery mucuz, in pyloric part of 1ntest1ne

and small intestine,frequently granular - tough mucus.'

Loire salmon (5 Specimens L of them ready to Spawn froml”h!
the upper course, and one of them Wlth llttle developed ovarles
from the lower course) no traces of food Only tough yellow-whlte
to orange-yellow mucus. |

Rhine salmon (1nclud1ng Moselle)g in?héfl7olsélmon-eiaﬁiﬁédavf:
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L only 12 had plant partlcles in esophagus or stomach 1ncluded 1nf

. mucus: wood fibres, grass stalks, wood particles (one half of a’
: ipen01l),'husks-of grain, There were also occasmonally smallrstonesf
pieces of coal, soil, etc. Animal parts were found only in 3‘salmon;

" dn an Upper Rhine salmon cocoons of Phyrganeidae (Mlcrasema mlnlmum);

vgln one Mlddle Rhine sahnon}remalns of mltes' in a salmon from the
“Upper Rhine which had spaWned)a small trout, slightly affected- ~q

'“#‘by digestion,-in esophagus and stomach.

A1l the other 156 salmon did not show any traces of'food i
in their digestive tract. It should be stressed that in agreement

;'fa;Efwith HOEK's findings, none of the 17 salmon from the mouth of the

' Rhine contained remains of marine food in the intestine.

Doubtlessly all the. plant particles entered the gullet withtf}f
respiratory water and accidentally Passeaknto the esophagus. Such

"7 objects are swallowed and remain stored, completely covered by

o mucus, mostly in the eSOphagus,’more seldom in the stomach. Frequently:
,"Q-themmucus in the esophagus and stomach was watery and almost

a'r,:tranSparent; which is due to the entering of water, -

‘Even ‘the animal bodies might have passed into the stomachﬁ};;;}

“faccidentally, for in addition to plant'particles,Lalsa animals,
.1;_floatingJSQil.Species such as Phryganeidae larvae and mites,mignt fffn

»fffifgetJinto'thé‘feSpiratory_Watertdf'affish‘and thns.bé,SWalloed by:fﬂnfﬂf




"~elongated) Here and there a few eggs were 1eft in the ovarles.‘

v

¥ well-known mucus the appearance of which has already been desc?lbedf}?ia?~ﬁ L

by McINTOSH, MIESCHER, FRITSCH, HOEK and many other .salmon

: membfane, particularly that of the small intestine, which very R

it. The intestine with. the small trout camé from a'large Spawner
of the Upper Rhine after spawning; it had been caught at the endn

of December 1912 near Augst above Basle, I had the opportunlty to.

examine the genital organs of that salmon. Its ovaries- were alreadyJ{

more compact {immediately after spawning they are loose and greatlyg}

Apart from these few foreign bodies mentloned above

\esophagus, stomach and intestine contalned as already stated the ?__;“f'

researchers. My attention was attracted by the intestinal mucous,:f}y

frequently looked burned,

I would like to 'mention one circumstance which has been = . " |

used as proof for both the fasting and the feeding of salmon in
fresh water and has led to the opinion that salmon feed in certamh f‘f:az“ﬁfjff
rivers, but fast 1n others. ThlS circumstance is catchlng salmon ;Ej“aéfﬂiiffff
with a fishing rod which has become a real sport in Scotland. .

\

North Sea: L R
NORDQUIST (according to ZSCHOKKE, 112): In Finland the = -
behaviour of the fish differs from river to‘river;'in‘some.they

feed, in'btheﬁ;they donnot, which mahifests-itself,in fishing.ff"




TR

SO ”?LGNNBERG 58)- Baltic Sea salmon which ascend the Swedlqp
streams cannot be caught by flshlng rod He doubts whether the gmsh

caught 1n Norway and Scotland by flshing rod are mature- he- thmp

they are sterile forms.' - ﬁ--'a- B
Salmon are, caught by flshlng rod also on

" NORDQUIST " (75)

Baltic Sea they tear themselves away and keep{

;gthe coasts of ‘the.
fthe hook 1n thelr gullet.vgiﬁg

. i'“;> Scotland -
1901 It is reported from Scotland that flshlng of salmon

?°by rod 1s flourlshlng (22) .
1902 'Reference is made to the Norwegian rlvers “which

allegedly are better suitable 1n thelr lower course for salmon

'flshlng, more than the Scottlsh rlvers where hardly any salmon 1s

‘f'caught any more (22). L

Canada: ' :
1900 The salimon rlvers of Labrador were w1dely advertlsed

promlslng the flshlng enthuslasts an abundance of salmon (22)
The Oncorhynchus Spec1es of North Amerlca

| McMURRICH (65):
cannot be caught by flshlng rod ';w

Rhlne area
1875 An Engllshman caught a. large salmon on hlS flshlng _




'~ months, salmon are occa31onally caught with a flshlng rod in the

“rod near Schaffhausen (22 5 o L
. o ;897:fA]salmon (9) was caught with a fishing rod in the
. Neckar (22). | ‘

h1897 A large salmon was caught W1th a flshlng rod 1n the

basin of the Rhine Falls (Schaffhausen); but 1t Was able to tear

itself away again (22).
| 1899 A salmon was caught in the Nahe (trlbutary of the
Rhine) w1th a fishing rod by means of a small flSh (22). L "M
1899:‘Similar catch as above'near Murg (Upper Rhine) (22X

1910 Salmon very nume rous in the Wlese (tributary of the

Rhine below Basle) An: angler caught 3 Spe01mens with a fishlng’rod:

g'fw1th1n one hourh(23).

s»Let us finaily see-how MIESCHER (66) thlnks about this
| question, o ’ ‘ Coe T e : L

"I have repgatedly heard it said that durlng the spawningaf

© oo T AT

e s

small streams near Basle (e.g. in the Wiese river), which usuallyhg
is not possible here Although I have not. been able to obtaln any
'definitely proved'lnformatlon to that‘effect ‘I dare-not 1n v1ew?
of my experienceé to deny such a p0331b111ty completely - but

_only for the time after Spawnlng "f"

2 C : appllcable L T :
I cannot draw any generalyconclu51on fromythese flndlngs




,so briefly outlined here. It only seems to me that'fishing for

e

salmon Wlll @ always successful where they can Stlll mlgrate 1nto
;small streams, gathering in comparatlvely large numbers 1n low-.
?level waters If ‘they are barred from such small streams they have‘
fto spawn 1n maln streams where they naturally dlstrlbute more, thlS

fVery reason already seems to make fishing more dlfflcult

- Let us summarlze in a few sentences the 1nformatlon collected

"on the nutrltlonal hablts of the salmon ln the sea and on 1ts

\gJourney_upstream:

. ”kl) Young salmon in fresh waters first feed on the contents
".of their V1telllne sac, then on the 1nsect larvae living on the
fbottom of ‘the river or stream, and flnally on plancton. : |
A (2) The young salmon mlgratlng ‘to the sea gets accustomed o
: “to brackish food in the mouth of . the rivers and gradually also to i
':; ‘marine food. | ' ‘ '“
| :(3) In the sea the salmon usually do not travel much. They';i;*

N to
fistay at thelr hunting grounds whlch if p0331ble are close/thelr

”:natlve river. The only exceptlon is perhaps the Baltlc Sea salmon.

| Marlne food con81sts malnly of small flSh

‘",(4) When the salmon ascend from the sea they presumably

’ stop taking food altogether. ThlS is closely llnked wmth the

~ Anitdal SRS
seartlng-development of thelr genltal organs and therefore may startyg?P

o already 1n the Sea,z_-_"f R




: W1thout any remains of food. If such remains are: found occa31onally,

’,they are not dlgested at all or only 1ncompletely.;_

© gall bladder of the ascendinnghine'salmon.'

-that the ascendlng spawners or milters do not take any food

(5) The following observatlons Speak 1n favour of the v%éw'
o

(a) The dlgestlve tract was always found to be empty, y

(b) The observations by MIESCHER on. the morphologlcal

and physiological changes in the 1ntest1ne, the.l;ver, Spleen and;

(6) In the descending salmon, the: dlgestlve tract . slowly ﬁ7*.

',‘,regenerates (accordlng to MIESCHER, 66, PATON and ARCHER 83)

Above all the stomach resumes its normal function, also the llver,

" which is indicated by the fact that the gall bladder starts refllllng

slowly (GULLAND 31).

(7) Descendlng salmon can take in food, but do so only h
o.ftev - '
&b long intervals, without ch0081ng and presumably completely

inactively.

' The above reflections and observations on the nutritional ° .

"habits of salmon in fresh waters show that the problem has not been;ﬂ

‘finally solved This- paper Wlll try and help reachlng a. solutlon'f

by para31tologlcal means. In thls capa01ty 1t 1s a contlnuatlon:, a;;frj

- and extension of the studies. by McINTOSH (64) ZSCHOKKE (112) | .

'FRITSCH (24) and TOSH:(99) o




”“sparas1tlc fauna of salmon from various seas ‘and river systems
‘;ﬂwould like to draw conclus1ons on the nutrltlonal hablts of the flSh

]“a;-ln 1ts varlous habitats.

7fﬁ3. Chrohological review of authors who have examined Salmo Salar
- for barasités’or have at least mentioﬁed ad described parasites“

“from salmon™ .- . I S U UL A

Wlth the help of comparatlve faunlstlc studies of the

~

I" {

1

:‘ gy .-._..i-'..- — ..f-.‘.,.___.,._._-——-—.—-.-—:‘_——- -7 = -‘ . X - — e ———
. 1602 'ALbrovANDUS, U.! Hirudines (81) pisces maiores,
et pracsertim Salnones mira-

- v ij' biliter futicicntes. e
i ©164%0 ¢ Cesarnes, €0 } :
M-% Wittoveney, ! Les sangsues {81) incommodent {
, | ! beaucoup les saumens. | __l
| T France
R EYAY ode G}:onuov, M.. | Taenia spec. (18) (sxehc de Bomau. i«ranl\reuh
: l 1756 - Val. 1780). Swvclem
Y UR Spomixc, D. | Taenia continua: plana fulcis longi-,{ Schweden. : Coerin
e tudinalibus {17). Swaclen : Dol
,‘,”3) 1751 :Gister (Grsorar) Kicfenwurm des Lachses (Lernaea) | Schweden. ’

!
|
|
- (75). .
1756- i Georrroy, M. |des sangsues™ (81), «qui incommo-

dent beaucoup . les saumons, {'axowowy
MULLER, L. Lernaca salmoncea Lin. (28). \)stemahk
MuUrer, ¥. | 75, Bothwiocephalus solidus (24).] = .,
MiLLer, I 75 {nach Gisorar 1751). Echinor- »
hyachen (70). ]

1778
1776
1777

..l
_f‘parasltes. The first occurrence of a parasite is indiated by
~its full name and by the figure glven to it in the above-mentloned

-~

‘Va,:“to me in their orlginal vers1onf

The figuresvcorreSpond to those in the subsequent list of

list.

Papers Wthh mention salmon paras1tes bqtiwhich were not available -




L4781
C 1782
1786

. 1787
1787

i1738—-1806

1788
L T1788
{1 1801
1802
1802
1503
1809/10

1815 ,

- 1819

1819
1821
1828
1836

PPN T S

1838

. 1839

bo1854

1833

I 1845
L1847

1849

-~ 1851
1853

t7g2 . -

f.les'N;

o
Brocu, 1.
oF Doyang, Var,

© MinLen, I

© PALLAS, s.
Herxawy, J, -
Gozzr, L.

Batscn, G.
Gorze, E.
Mirven, b

MinLer, F.
v. Scunavk, P
CGivety, o,
Rupoteng, A,
Ruborrur, A.
g Bosc, G.
t Zeprn, H.
i' " Ruborrit. A.
!
]

Oxexn, L.
D LAMARK, M,
Pl,oom'ux, A

Leverant, 8,
Westauns, L.

Scunz, R.

pE Buainvinie M.

IR PRI

'l'm'nm crassa (1)

{8 (dans les entrailles des \ers
plats). 84

1. Fasciola.varica (33). acuola
salmonis (34)? Lchmorh\mhus
salmonis MiLr. (64).

1. .

Irhlnorh) nchus salvelini (83):~
__Cucullon@s™ (46).  Eehinor-
hiyuchus quadrirostris Gzs. (27)

1. Taenia nodosa Batscy (3")

1. 27,746, .

,clnnorhvuchus,

Taenia, Lucul
lanus, Fasciola.

33, 64, '

1. 27. 63, S

L 24 27, 33. 46. 63. 64 7.

46. o '

1. 2% 33.

1. 27. 33. 46, 63. 64.

1. 27. 33, 46. 63. 64,

Lo 2% 27, 33. 46, 63. 6%, Disto-
mum crenatum? (45). ? nodu-
losus (637). Cucullanus’ .(59).

1. 27. 33. 46. 64, 75

t. 33, 75. . .. e

I. 24 27.33." 46.” Distomum
appendiculatum  Rub. " (35).
Echinorlinychus fusifoimis
Rup. (62). '

t. 27, .

;2. 63,

1. 27, *

75. Kratzer, Band-, Kappen- und
Plattwiicmer.

T VACQW-IOCQIOI');{"Z ‘bl)o‘. wormS'

,;ialvwonms amd

Dauxyoxn, L.

Crepuiy, H.
Beruincuay, O,
Dusarbiyn, F.
Guntt, 1.
Caepriy, H.
Creruin, H.

Diesing, M.
Batrp, W.

' 1854

Diesixg, M.

Tetrarhynchus grossus RUD. (=so-| Irland .
lidus Daux.) (30). '
Cweullanus elegans (58). ;? Oslsee.
t. 28.52. Ascaris clavata Rup. (47) ! Irland.
1. 27. 33. 35, 46. 47. 58. 62. 63. 64, | Systematik.
1. 25 27. 33. 35. 46. 62. 3. 64. T
30. ? Ostsec.
30. Bothnocuphalus nnpcrfecf.u'i Systematik.”
eyslicus (3). _ o
2. 27. 33. 46. A7. 58. 63. 64, Systematik. .
1 3, Tetrarhy nChusmgosus BAIRD~ England.
@), o .
1. 30 i Systemalik.

1 Rhgin, 77

’Ehme. '
Frankreich ? F;a.vvcza :
. Ostsee. - :Kaf—hc

Rheinu. Elbe_
""" Ithein. .
. Quedlinby..

Systemalik. :

Natﬁrgcsch. :
Naturgesch, -
‘Systematik,”

\atur"cach. .

l e i

v od

”’kme avd Elba ,

Tireland
o

3&”15 Q—G‘-

lre.la.v:a&
..i Taxto waw\y

Lza_”'u: SGR.

Toxono: m\/

Ewg ICLMC(L

T@“"F”,‘_"”‘f

Translator's note- No German definition of the term. "Kappenwurmerﬁ
also no English translation. Consultation with

could be found,

various SC1entlsts was: equally unsuccessful therally,.lt means,_gf

.« .

"hooded worms".




371858 | Nevsany R,
:-.1863 | Diesing, M.
-+ 1863  IMec. Intosu, C.

1866 .1 _ GuemEt, C.

v 4866 Oussox, P. -
i 1867/68 Oussox, P.

Kessten, K.
v. BexeoEN, J.

v. HEeriNeG, Eb.

Orsson, P.
v. Linstow, O.

v. Lanstow, O.

Moniee, R.

Monigz R.
v, Lixstow, O.

.1 - Prexast, Al
AN UcneNMEISTER,
F.

v. Lixstow, O.

Kernerr, L

6.

1. 0.

1. 27. 33, 46, 63. 64. Gregariniform

- animal {10).  Telrarhynchus
spee. (28). Distornum tereti-
colle Rub. (36), Distomum spec.
{(34). Ascaris spee. (57). Le-
peophtheirus Stromii Batro (76).

1.. 24, 33. .46, Cyslicercus spec.
Greser (21). :

1. .

33. 35. Distomum ocreatum Rub.
{34).

1. 64, ° o

1. 33. 34. Distomum teflexum
Crepi. (38). )

1. 33. 46, 62. Echinorhynchus An-
thuris Duj. (65).

3s. S

1%

1.24. 27. 30. 33. 34. 35. 38. 46. 47.
§8. 63. 64. Bothriocephalus
eordiceps (Leroy) (4).

Leuckartia nov. gen. Monikz

(= Abothrium crassum) (1)?

1?

48

8. ¢ inkemediode host d
Salmo salar als Zwisch:enwirt von
Bothriocephalus latus Brexs 2?

"Tetrabothrium minimum nov. spec.

{larva) v. Linst. (22).
Findet d. Larven v. Dothriocepha-
las latus Brexs trotz Filterungs-

TOstpreuen. ‘ East "Prus.cia_i,.;

1839 L | zscmokkE, Fro 1.

30.33.48.46.47. Dothriocepha-

Rhynchobothrium  palesweum
(Rub.) (23). Distomum Miescheri

Zscuoxke (39). Echinorhyn- I 2

_versuchen nicht in Salmosalar |

‘l.{huinil‘»z"{ i
lus spec. Zscuokke (5, 6, 7, 8). ’Rk‘me" i
: TNE. -

Systematik.”, Taxo rscwm/
Tay. . iy oo

Systcmutiké i -
Ostsce. - Baltic Seal .
Ostsee. .} S

Onegasee.. | La ke On&ff@
Nordsee. {North Sean ™ |
Wirttemb. |WorHem be‘r?-

Ostsee, 3:"-"""5 Sew
Hameln- o
- Weser, | __ o
Systematik.| a0 nO Wy

" Lille, -3

Lille.
Hameln. |
(Weser),

> Mosel.

Goltingen.

-.\’iedcvl:\ndu.’1 Ne{%er,&mc&, CJMS hot 'F"GL
|
|

o lervae o]€ ’:b’a-’t%r;ogeﬁhalus
Sl lados Brems in Salmo salar

e e

; Iwc,ozfle._ o,la ﬁt?l:;n\? 1@9}3 _J;§

see footnote on page

-__chus speé. Zscuokke (7). & o




1080605848 30 e T

f. . :
lothriocephalus osmeri v. Linst.
(5). 6. 7. 8.
Zitiert die Funde von I'r. Zscnoxkky
(siche 1889). .
1. 4. 5. 6. 7. 8, 22. 24, 25, 27, 28,
- 30, 32, 33. 34, 35. 36. 38. 39,
44, 46. 47, 58. 63. 64. Ascaris
adunca Ruo. (48). Ascaris
communis Dies (49). Ascaris
aculeati v, Lixst. (50). Ascaris
angulata Rup. (51). Echior-
hyachus agilis  Rup. (66).
Eehinorhynchus  gadi O. F.
Muc, (67).
. 5. {nach Z:«‘.’ilonﬁmg o
1.27.307 33. 46, 47. 64, 75. Scolex
pleuronectis O, ¥y Mruer (31).
i, Argulus coregoni Tuon, (77)
l’l'if‘\colaqunncln LiN.(79).38.
I (305 Berlin). Dothriocephalus
spec (9) ('ﬁlnwl,nuldm])
5.6.7.8.25. 27, 30. 31. 33. 3%,
38. 46, 47, 48. 49. 63. 660 79.

Bothriocephaluslarven (£1). Te- |

trarhynchus  spec. ZSCHOKKE

(29). Neorhynchusrutili (MuLL.) |-

(61).  Echinorhynchus spec.
Zscnokke (72).  Ascaris spec.
I. I1. Zscuokke (55. 56).

33. 34, 35, 38,

1. 4. 62 63. 6. 67.

47. 637 Cystobranchus respirans
Troscie (80).

Asearis spec, (larva) Livr. (5%).

63.

Abothrivun rugosumn (Batsca) (2).

1. Echipmhynchos spee, (tarvi)
Scuxgrp. (73} ’

1.

33. 35. Sinistrophorus shnplex
{Rup.) (40). Lecithaster ho-
hr‘_yophoms (Otss.) (11)

T IS e oS 5 I AL 3

T systemaiii:
1 Schweden,

Rhein.
Naturgesch.

Rh;‘.ir{,NG({q'.
und Ostsce.

Systematik.
o Bibeor

amerik. :.

Summhm;‘,
Rhein unds
Nordsea, -

Rhein.
Oslpmlﬂul
I[ollaml

Amer 1I“\
\V cl(}cs\[\‘t‘r‘

atsﬂf

1
Canada.

Ta;k’ompm\f

Swedlen .

Rhine CoL
Naseal Lnslorté,‘ U

c{n 5 . X ' :
"é:majﬁ,f\/m%h Ong(. ':gauﬂc

Seas

Tadonpm\/ o

Awe.r‘:c@.w Co/e Cvaow ‘ ‘

.khme CLMG[, /VOrH; fea«

1880 v, Linstow, 0.
1889 .| Lixsngre, I,
1890 | Zscuogrke, IFr.
1890 - Farto, V.
1891 | Zscitoxxe, F.
1892 ~ Marz, Fa.
1804 I'retsen, A,
1894 'S'ru.x-:su.ll.xss.\ L.
1896 . | ZsCHOKKE, F'n.
;iS‘.ﬁ Jausyaxy, L.
1898 Munvine P. -
1899 Horx, C.
1901 Lixvtoxy, I
o1 | v. Livstow, O.
1902 Zscnokke, Fa.
{on2 Scuseinen, G,
1903 Scuxeiner, G.
1904 Starronn, J.
1904 Horer, Br.
4

39. 46. 47. 58. 63. 64. 76. Ler-
nacopoda carpionis Knory. (78)

_Fischegel (81). fish leech

1. 4. 22, 24. 27. 30. 33. 34. 35. 38, I‘;\stemahlw, R T
Ta.mnavn\/z L

’?hme :
'Fost ”Pruss;a,

; Wl’shle 5«_0\. -

Tga. /Jnc Q_a,




_‘W\"'}.nx_), B =
. Wano, B. -

s

. PreiLkr, W,
" WeGENER, G..
Liue, M, -

Bierer, W.

21 La Rug, G-

ZscuoKKE, Ir.
. und
Hzrrz, A,

a
' &\%@ Salmo salar-scha

-33.84.730.%8. 83767,

Tacnia spec. (larva) Tosu (19).
Tetrabothrium - spee. -(larva)
Tosu (23). Ascaris acuta Rup.
{52). AscarisobtusocaudataZep,
(63). Echinorhynchusangustatus
Rup. (68).
s Oncorhynchus nerka: 4,
$ o: 1 Proteo-
~““cephalus pusillus Wanrp ' (15).
Proteocephalus (larva) Wanp
" (16). Bothriocephaluslarven (12).
Cestodenlarve : (20).  Azygia
sehago Warp (37), Nematodes

75. . .

1. 5. 6. 7. 8..24. 25. 27. 30. 33. 34.
38.39. 63. 64, Lecithaster gib-
bosus (Rup.} (42). Ifemiurus
Lihei Obpuner (43),

64."

15. .

WS Oncorkynchus nerca: 46. 65.
Botlwiocephalenl&?’éﬁ' . {13).
Pelichnibotrium ~ caudatum
Zscnokrke (14), Fchinorhynchus
cacuoformis Hewrza .(69). Aus'
Oncorhynchus keta: 1, 14, 46,
67. HenneguyaZschokked Gune,
(74). B

Frovus Oncorhynchus tschawytschas

A 14,027, 30, 4A. .

wr Sy
“"Rus Oncorhynchus kisutschs

_Alaska,

Systematik.j /&

Systematik. ‘

Ost-Kam-
tschatka.

East _5“ :
lowkhallal

5

’ Nordamer.. lNOT-'H;_—_A;;"

R

N }
i
{




Table T.

List of salmon parasites mentioned in the chronolo- f?

,
=

o

. Abothrium

-

5.

gical review

1 Endoparasiteg:

4) Cestodeg

crassum (Brocu)
(== Tacnia crassa Brocit 1779 =
Leuckartia Moxn. 18797),

. Abothrium rugosum (Barscn)1902.
. Bothriocephalus imperfectus cysti-

cus CGnrerr, 1849,
Bothriocephalus cordiceps Liipy

1878.
Bothriocephalus osmeri v. Lanst
1891.

1885,

6. Bothriocephalusspec. 1. ZscHokKr,

1890. 1891.

i 7. Bothriocephalus spec. II.
Zscuoxkke. 1890. 1891,

. 3. Bothriocephalus spee.  IIL

: Zscuorkke. 1890, 1891,

i 9. Bothriocephalus  spec.  Strues.

: Ifassatg. 1894,

10, Greyariniform anim, Mc. INT.1563.

.11, Bothriocephuluslarven ZsciokxE.

‘ 1896. :

i12. Bothriocephaluslurven \Wanp 1908.

.13, otlumcqﬂm]us]m\cn /$CHORKE-

' Hemz. 1914

14, Pelichaibothrium caundatim

¢ Zsciokke. 1914 ‘

15, Proteoceplialus  pasittus  Wann.

[ 1908.

{16. Proteocephalus larva Wann. 1908.

(17. Taenia conlinua plana fulcis lonyi.

| tudinalibus Srorine. 1746,

8. Taenin spec. nr DBomart. 1741
v. 1756. 1780,

{19. "laenia spec. Tosw. 1905,

120, Cestodenlarven Wann. 1908.

i21. Cyslicercus spee. Grener, 1865,

’%22. Telrabothrim mintmam v. LLINst.

|

1
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23, ’1'ctmbot1umm spec. l‘osn :
24. Schistocephalus gasterostei
(Fann.) 1776. ‘ ' :
25. Tetrarhynchus  paleaceus
1889. ' .
26. Tetrarhynchus rugosns Barep.

35.

36.
37.

0
b9

39.-

43.

A4,

4%,

i

E =
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. Coenomorphus grossus L, 1838,
31. Scolex pleuroncctis Mirr.
2. Triaerdophorus nodulosus (DPanc.).

. Sinistrophorus

1833.
Tetrar lwnchusquudriros tris (Gae.).
1782,

28, Tetrarhynchus spee. Mc Inp. 1863,

Tetrarhynchus spec.

ZSCIIOKKE,
1896. :

1893.
1786.

b) Trematoden:

17807 1867,

Hemtiurns appendiculatus (Rup.). .

18197 1904,
Auzygia tereticollis (Rup.).
Azygin sebugo Wanp. 1908..

. Distomum reflexum Cnere, 1871,

Distomum Miescliori ZscHOKKY.
1889. L
simplex  (Rub).

1904,

. Lecithaster bothryophorus (Ouss.).

1904%.
Lecithaster gibbosus (Rup
Hemiurus Lithei Opn. 1911,

Distomum spee. Mc. INT, 1865,

Distomum crenatum Rup.? 1809 :,'j :
n, 1810,

" ¢) Nemutodes:

Ascaris capsularia Rup.
cullanus Gur). 1782,
‘\smns d‘\\.xh\ Run 181')

parasite was found in salmon for the flrst tlme0

o5, |

Rub. e

Bt .

1780. -

. Devogenes varicus (Miir.).
i, Brachyphallus erenatus (Rubp.). ;

1863, i

SECIIR
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The flgures in front of the names. correSpond to those in the“
chronological review. The years mentioned are those 1n whlch the"

1.




Ascaris adunca Rup. 1891,
Ascaris communis Dies. 1891,
Ascarls aculeati v, Lixst, 1891,

51.fAscarls angulata Run, 1891,

Ascarls acuta Rup. 1903,
Ascaris obtusocaudata Zep. 1903,
Ascaris spec. Laxy, 1901,

. Ascaris spec. L. Zsciuorke. 1896.

Ascaris spec. L, Zscuokke. 1896,

‘Ascaris spec. Me. INrosn. 1862,

Cucullanus eleygans Zen. 1839.
Cucullanus? Rup. . 1809/1810.
,Ncmatodus A. B, Waup., 1908,

d) i\cauthoccphalo—a

‘Neorhynehus rutili (\[U(.l..) 1696.‘.

Fchinorhynchus truiiae Scunank.
1819.

_Pomphorhynchus laevis (Zorca).
1782.

Echinorhynchus saltionis Murr.
1780,

Echinorhynchus Anthuris?. Duy.
1872, I
Neorhynchus agilis {Rup.). 1891,
Echinorhynchus gadi O. F. Mivt.
1891, .
Acanthocephalus  Incii (\IULL)
-1905..- . e

1896, . .
3. Echim)rh.\'m:)ms spee.? Scxmx;w.
1902, ‘

"Argulus Coregoni 'l’mm. 1893,
" Lernacopoda  carpionis  Kroky.
1904, .

1899.
”81 Hirudines~1602 {

Gehinorhiynchus C-‘t\‘llOfOl‘llllS' :

Hrrvz, 1914, . :

Sehinorhynehen MiénLer. 1777,
Echinorhynchus spee. ZscHORKE.
1889, ‘ S
Echinorhynchus spec. ZSCHORKE.Y™.

.

) ;\[).\O‘ipOl‘ldl@-‘H : v

Ienneguya “schokkel CGoune. aus:..

Oncorhy. kisutsch und One. keta,

1914, : s
2. Ectoparasiten,

1) Copepodug:
Lernacopoda salmonea Ly, 1751,
1773, i
Lepeophtheirus  Slromii - Banuo. -
1853,

..

g) Hiradineew

Piscicola geomelra L. 1894.0
Cystobranchus 1‘esplr s Trosard, §

Illscher*cl 190 1)
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4. History of the research into the parasitic;ﬁauna of salmont:

(a) Endoparasites:

During the first'decades of the 18th centufy, a’peried?WEeag
numerous scientists examined the various animal classes for?v
parasites and parasitology became a systematic, organized braneh_off;f:f
science on the basis of purposeful studies, the first salmon para;:j;%,”

sites were found. Salmo salar, an excellent food fish-andﬂa‘migratbryitf'

fish travelllng regularly through the various medla fresh.water and
salt water,challenged studies and attracted the attentlon "T‘"
of scientists at an early stage. In he course of almost 170 years, a,a

up to the present day, this giant among the freshwater fish beeamefﬁﬁgg'

the subject of numerous studies in biology, anatomy, hlstology and L

parasa.tologyo

The first parasite was found in 1746, the year when H.D. -

SPORING (94) mentioned, when finding a tapeworm in a woman, that

ithere are worms "that live in fish"; among the infected speciés’

listed by him was also salmon. The description glven by that. 801entlst;i

of Taenia contlnua plana fulcis lonvltudlnallbus - as he called the o

parasite - allows no definite 1nterpretatlon and comparlson w1th

~any of the salmon parasites known today BRAUN (12) 1nterprets Taenla

as Ligula larva, an 1nterpretatlon whlch is hardly the true one"e

because since then Ligula has never been_found:;n,sahngn.‘l am_ratherff»




,uhivtinclined'to'believe - and the description and narticularlyethe}

91%:those by the same: SCientist on the same Rlate of the worms from'

'*wtff,?and I myself_observed the same phenomenon occaSionally, that in'f‘”‘

- was torn "and the intestinal parasites 1ay in the body cavity which
”'ff'might of course give the impression ‘as’ if the worms ‘had always 1ived

| *'there.‘;“

ing'fi Therefore SPORING's find must be regarded as the first in Salmo salar:ﬁﬂ

.~ drawing by SPﬁRiNGhof the parasite found in salmon which differs from

. Abramis, Leuciscus, Gobio etc. seem to confirm this - that the

‘f Swedish scientist was -dealing. with the common tapeworm of salmon;

»anbothrium crassum. There is a Simple explanation for the fact that

%ithe paras1te was found in the body cavity. It happens not infrequently;h

dead salmon the intestine is severely 1nf1amed, inflated, and the =

“nintestinal»wall'therefore tears very easily ‘Often such an intestine

./: .

' So much on the first parasitic find in Salmo salar. It alsodciff

. disproves the: Statement by WARD (103) that in 1726 FRISCH had found

a parasite in a stickleback which later was found also in Salmo salar,

" In that case the parasite was really a Ligula, but in my opinion - .

(g Sy y

it is not identical with the one'encountered later by SPORING.

‘\.g;”f*fﬁand as the first in genaal of an endoparasite whichﬂparaSitizeso’fy°5*i'
: S ‘iE:)salmon.: g

The next chronological“report of a salmon parasite cannot I

it
IS

R
o A TS
e

be pinpOinted as to the year A French dictionary published by




yl
K.’

VAL, DE BOMARE (11) in 1780 contalns the f0110W1ng passage

"Ils ont (les saumons) dans ses entrallles de vers plat%v
Les continuateurs de la 'Matiere médicale de Mr. GEOPFROY" |
trouverent il y a quelques années, dans le ventre d'un saumons
un taenia d'une longueur extréme et d'une grande blancheur lequelﬂ

 était encore pleln de vie quatre Jours,apres la mort." .

The French doctor and natural s01entlst Et M GLOFFROY
referred to in the above passage published h1s maln work "Tractatus
de materia medica" in 1741. His successors, varlous French s01entlsts.:1
published another edition of his work 1n 1756-1757,. presumably S
with additions:and improvements. Unfortunately, I could not flnd

the passage quoted by BOMARE in that second edltlon.

A short paper on fish parasites by a.man-from Strasboﬁrg;?fﬁl#{ﬂ
however, has greater significance for our purposes than thosen:-7’7"
questionable French communications.'Professor J. HERMANN (37),
most likely a medical man, conducted.studies in natnral'science in”VIq?'”
addition to h1s profess1on. When examining various Rhlne flSh he |
also found parasltes whlch he drew for his own entertalnment haoadded hf
his comments to those draW1ngs HlS attention hav1ng ‘been drawn ' ,'..'«
to the papers by PALLAS and MULLER publlshed just then, he used his |
notes for a short report Wthh he publlshed 1n 1782 HlS flndlngs,iﬁgijj
must date back. to much earlier years because he. mentlons the U

‘work "Elenchus Zoophytorum" by P. S PALLAS publlshed in 1766




.?

flalready known the "Prodromus Zoologica Danlca" by Fr. MULLER l776

on the other hand ‘as not yet publlShed HlS studles must thereﬂore‘

Zihave been conducted between 1766 and 1776 We shall not be far wronA

.flf we assume that he made hlS flndlngs 1n 1770

; '.fThét yearciSﬂofnsuoh speeial importance to us.becauseli
is the first time we hear about a parasite from Rhine salmon. T’

“am quotlngnthe-relevant‘passage from HERMANN's paper:

: :t"I found some of these worms (Echinorhynchus salvelini.n”

fSCHRANK Pomphorhynchus ‘laevis [ZOEGA] ) in the stomach of salmon.
fAccordlng to the usual hablt of this. genus of worms, they were-

ff;rmly.attached in the inner mucous membrane." =

The next findings of Rhine salmon parasites are those by

' BLOCH' (lO) in 1779 and by PALLAS (82) in 1781. Both scmentlsts found

&753;the common tapeworm of salmon, Abothrium crassum, and publlshed 1t gg

- -under the name Taenia tetragonOCePS or Taenia crassa.

. In the years' 1776-1800 0. 'F MULLER (73,74), GOEZE (29) , :
- PALLAS (82), etc. publlshed their Works which laid the foundations

~ for helmlnthology There, we flnd most of the salmon parasites known S

;:itoday as the most common ones although often badly described and.

‘- depicted. RUDOLPHI'S (87 88) publlcatlons (1n 1809, - 1810 and 1819)

ii.summarlzeiall dlscoverles of parasmtes from Salmo salar up to that,




| : para81tolog1ca1 7 S s
In 1838, while conductlng/studles on’ fish from Ireland_aﬁu

the Irish coast, DRUMMOND (19) descrlbed-two para51te8'from'8al

salar Tetrarhynchus grossus RUD. from the body cavxty, and a n'w*

Spec1es, also from the body cav1ty, which he called Tetrarhynchus

solidus. (Accordlng to more recent findings, they are 1dentlcal‘:

see "Systematic Part" under Coenomorphus grossus) R

In 1863, McINTOSH (64) examined, salmon mlgratlng to the’

~ Scottish rmver Tay for Spawnlng(?or parasmteg) He found 11 SpeC1es

of endOpara31tes in more than 100 salmon. A large number of thoseﬁ
| parasites were potamophilous which 1nduced the 501entlst to belleve:
that salmon take in some food in fresh waters.- |

In 1879 and 1881 MONIEZ (69 70) publlshed observatlons on 5

as the type Specimen _
a salmon cestode which he introduced/of a new genus Leuckartla

nov.gen, on account of various anatomical characterlstlcs LUHE (59}

abolished this parasitic species because he con51dered 1t synonymous

with Abothrium crassum (BLOCH) (see "Systematlc PartU).

In JggéﬁandtthéFfOllowing years, ‘SClentlStS started dlsputlng“Am”

about the life cycle of Bothrlocephalus latus BREMS 1n whlch Salmo i
salar played a questlonable part of 1ntermed1ate host 1nfect1ng man. -
with the tapeworm-.
KUCHENMEIbTmR (46) malntalned that man couldbnfect hlmself/by '
eating raw or. half-cooked flSh and made salmon, eels plkes and L

other food flSh reSpon51b1e for that‘01rcumstance w1thout however,ffi3f




;substantlatlng hlS statements by any . tests or flndlngs HlS oopoa
{1n:partlcular BRAUN (13) GRASSI and FERRARA (30), held the V1ew§that

‘.1t was above all the plke whlch acted as 1ntermed1ate host but

‘funder no C1rcumstances Salmo salar. ZSCHOKKE (lll) also dealt W1t

~

ﬁthls questlon and studled varlous Bothrlocephalus larvae Wthh he

gfound 1n Salmo salar; but; none of the larvae showed any relatlo
} . : .

fto Bothriocephalus latus . _V'

In 1889 1890 and 1891, ZSCHOKKE publlshed the results .
ﬁ(llO 111, ll2) of his examlnatlons of salmon from the Rhine and
fthe Baltlc Sea for paras1tes. As I shall refer repeatedly to thos

gpubllcatlons in the course of my paper I need not discuss them d

?1n detail here.ij"

"In'l894, FRITSCH (24) publlshed hlS anatomlcal-blologlcal
ﬁstudy on the Elbe salmon. At the end, that report lists several

"”iSpe01es of paraS1tes found occa31onally in the Elbe salmon.

. In 1896, ZSCHOKKE (llh), on the occas1on of a para31tologlcalp”‘~
;examlnatlon of” the Rhine fish SpeC1es, agaln reported on several IR

ﬁnew para51tes he had found in salmon from the Rhlne and the North Sea“iun

In l897 HAUSMANN (35) described several trematodes from )
gthe Spec1es of Rhlne flsh examlned 1n 1896 (see above) ¢and also=5;

{mentloned the flatworms found in’ salmon.hv;”)p.

99) repgrted' 'on the. parasitic fauna which he



-, 8carce,

orlglnf'

In 1907, WARD (102) reported that he had found Abothrlum

crassun in the Alaska salmon, Oncorhynchus nerka.

The same author published a paraSitological'paper“in 1908

on Salmo salar sebago, a North American salmon specmes Wthh has
adapted itself completely to life in fresh water and never gets ;
into contact with- the sea, Its para51tlc fauna 1s only of potamo-.

philous origin (7 spe01es)

The above paper also mentions several finds made by BEAN

in Oncorhynchus nerka and by.RUTTER in Oncorhynchus tschawytséha}id

cestodes, trematodes (?) and parasiticccopepods were found (see '

Systematic Part).

In 191k, an extensive study was publlshed by ZSCHOKKE md B

HEITZ (116) on the parasitic fauna of varlous salmon specmes"

(Oncorhynchus nerka, 0O.keta, 0. tschawytscha and 0. klsutsch)from the

east of Kamtchatka. The examlnatlon of thlS abundant para81tlc

material (6 species of ceetodes 4 of nematodes and 2 of

'apanthocephalarasfwell as one of myXOSporldla) ylelded the 1nterest1ng




}gnature, of the salmon specles in Eastern Asla LS Slmllar t° tha'

“fof European salmon. o

Apart from the publications mentioned above, eallng malnly
?bor entlrely W1th the paras1t1c fauna of ~salmon, there is a large "
" number of scmentlflc papers which, in addltlon to many other specles_

vgrof para81tes hosts and 1ntermed1ate hosts ‘also discuss Salmo"salarf

*ifand its paras1tes more or less. The authors of such papers and
v‘~_fthe spec1es of salmon paras1tes they have either described or found
‘F;for the flrst time and descrlbed are listed in the chronologlcal
h;?rev1ew, it suffices therefore to merely enumerate their names hereﬁ
' 1866-1867, OLSSON (78); 1872, HERI"NG?(%)- 1876, OLSSON (79); 1868,
T ? KESSLER (43)‘ 1893, OLSSON (79) 1898 MUHLING (72), 1900 HOEK (38)
71902 and 1903, SCHNEIDER (90, 91) | Sl

A(b)"EetQparasites:

It remains to refer briefly t6 the ectoparasites of salmon |
" of which only a few are known. Data on such findings are much olderrfff:

" than those on endoparasites, which seems to be ‘due to the ease with -

wpfaiwhich this tyb@ of parasites can be noticed. . Frequently, the maSSIffgﬁ:j
'ifoccurrence'of‘these bloodsuckers caused-severe damage among the
"*populatlons of food flSh ‘fishermen felt these repercu351ons and they

R therefore trled to- combat them W1th all poss1ble means. Even solrltual

"‘jhelp was accepted as appears from the folIOW1ng passage taken from

.........




" the great work by U. ALDROVANDI (1) (1522-1600) and'is rendered hgre

'in a free, abridged translation as follows:

"Leeches often attack the salmon in winﬁer'Bynatﬁénhing;
themselves to their mouths or their tails and‘eVen‘dénsézthen'taji
jump with pain. The salmon try to detach their enenies‘ _but thej7,
| usually hardly save their 1ives frequently dylng from the 1nfllcted¢ghif

1. caused mncantatlons to

injuries. The saintly bishop of Lausanne
be collected from Holy Scrlptures and publlcly proclalmed on Certa1n ff{
days agalnst the 1eeches whlch torture the salmon and 1nfllct deadly"
'.1nJur1es on them.," o ' e Y B

In the'end, ALDROVANDUS tells us;from_wherqfne.got hisf;fgﬁ
information: B R T R e

"FELIX MALLEOLUS 1nQu1t qul V1x1t 01rca annum Domlne 15)4
. (should read 1454)"=.

This reference to the early knowlédge of'ectbparasites willl

suffice for our purposes. The literature of the l7th”century\mentionsﬁaz

4 Presumably Guilielmus d'ECUBLENS who was bishop in Lausanne from e
1221-1229. He is the author of the .above-mentioned exorcisms agalnst
"all poisoned worms and snakes" which he commanded "never to crawl,
nest and live again in them (rivers and lakes)". S

Féllx MALLEOLUS is the famous Felix HKMMERLIN'frbm'Zurich, doctor'ﬂ;f"
of Canonical Law, canon of Zurich and Zofingen. He lived from 1389-
1464. He died in the prison of Lucerne where he wrote the "Tractatus:

~.de Exorcismis" shortly before his death. It says in that treatise:

"Previously and now the blshops of Lausanne cursed ‘the 1eeches L uE
which kllled the salmon" - : SR e,




:Vsuch‘parasites at several other occasions but?it seems that on

R

nlfl'sc1ent1st had COpled the story bY NALLEOLUS from another only;'3A

L e
;.w;th hlS own respectlve remarks. "Les sangsues 1ncommodent beaucoup
gdles saumons" wrltes the Engllshman WILLOUGHBY (107)'1n>1686,~th1

ftsame sentence we flnd in V. de BOMARE's (1l) dictionary.

'None of the other reports"on ‘ectoparasites date back S0
f?far‘ Dost of these parasltes were not dlscovered before the l9th,r

_chntury Only Lernaeopoda salmonea LIN. seems to have been known slnc

" 1800. At least 0.F. MULLER (73) in 11776 and the 32th edition of -
ifLINNE'S (49) "Systema naturae™ . in 1775 mention the Swede GISLER or ,5

:;GISOLAR as the man who reported on "a Lernaea of the salmon" in 1751 o

II. SYstematic Part hﬂ*:'.

*.07w1, Preliminary remarks

In order to simplify the systematic part. as much as possible -
;ﬁi‘and at the same time follow a certaln class1f1catlon I have used
';Jseveral abbrev1at1ons Wthh should be explalned right in the beglnnlng

""Mflto facllltate orientation. This classlflcatlon and these, abbrevxatlons;f

‘"w111 be used throughout all the other chapters too,;;;§r~

The parasltes have been claSS1f1ed into the folloW1ng groups

dependlng on’ orlgln and main range of dlstrlbutlon




- fish, occasionally also - mlgratory fish.

oo
¢

" in tables and comparisons:

(1) Marine parasites: Spec1es paras1t141ng only marlne

;e e

(2) Narlne~potamophilous parasites:" Spe01es paras1tlzlng

predomlnantly marine fish, but also certaln mlgratory fish and a
few freshwater fish, ' ' SRRV T

(3) Potamophllous-marlne paras1tes' Spe01es paras1tlzlng

predomlnantly freshwater flSh but :also certain mlgratory flSh and
a few marine fish, “ ‘ R T |

(4) Potamophilous paraS1tes- SpeC1es para51t1z1ng only

freshwater fish, occasmonally also mlgratory flSh
For these 4 groups, the following S§Mb018ehaweﬁbeen'used3 :
"o = marine »1 . x 0= potamOphilous~marine_h”
e x = marine-potamophilous x = potamOphilous

The term "potamophllous" 1ncludes, for the purposes of thlS

paper, 2ll living beings with habltats in freshwater reglons.‘

The large number of hosts and 1ntermed1ate hosts has been

claSS1f1ed in 3 groups dependlng on their locallty and" thelr;ff:ﬁ

mode of life, as follows: ‘ e T f;;jf”ﬁ{. fﬂ'éfffgf"“ﬁ
Marine fish - migratory fish - freshwater fis'h.
The folloW1ng symbols are belng used for the 3 groups:

o =marine fish Ll= mlgratoryhf;sh ‘Xf freshwater flsh2;7fl




In order to avoid enumerating all hosts for each parasltg,

ihi;and yet to keep the llst clearly arranged,’ I llsted only the na?es

~of those hosts which the paraS1te concernsd infests only in- exc

ptlonal

7*cases , e .g. Derogenes varicus paras1tlzes numerous marlne flsh'"

5 ;1some migratory fish and 3. freshwater flSh the exceptlons,gln thls

-case- the freshwater flSh are. llsted by name._

hMlgratory flSh are always llsted by name." Short llStS of

iihosts are always glven complete.‘

- In cases where a large number of marine or potamOphllous

_;hosts would have to be listed, only the individual orders of flsh

o or subouder
are mentloned to which the hosts belong. The figure behind the orderq -

" refers to the number of species parasitized by the parasite.

?ffDerogenes varicus, e.g. parasitizes 5l marine fish which all belong

fito the order of the Teleostei; among the hosts are 22 of the'n“.'

: suborder Acanthopterygii, 1 of the suborder Pharyngognathl, 23 of

. (- ’

‘fithe suborder Anacanthini, and;5 ofothe suborder Physostoml.

The list of hosts also gives the:organs infested. by the'frgrr_;.
\“i.reSpectlve paras1te and in outline the geographical localitles S

;lOf the. hosts Both organs and localltles are’ descrlbed in greater

‘ detall for mlgratory flSh and in exceptlonal cases




2. Endoparasites

-Plathyhelminthes; .

. 5.
(a) Trematodes- Five Speéaes of trematodes are found in

' Salmo salar Wthh are of the follOW1ng orlgln-f%f,

'FCX ‘Marine forms- 8 (4 of. Whlch para51tlze the Rhlne salmon)f

iﬁ Marlne—potamophllousuforms" L?(l of Wthh para81tizes

;the Rhine salmon) =

u”ffgz.;Potamophilous forms: 2 (2]offﬁhich*parasitize:theta

Rhine salmon).

Distomum Miescheri ZSCHOKKE. (Table 1 Flg 1) Thi‘s'

parasite, discovered by ZSCHOKKE (110) in- 1889 and 1nfest1ng only

‘Salmo salar, shall be the first of the purely marlne trematodes to

be discussed. The range of this worm is extremely llmlted the '_
Flo\mng C -
North Sea and the rivers felling into. 1tlwhlch the salmon frequent

e

The number of hosts is even smaller - only Salmo salar..ZSCHOKKE found

this trematode in a few specimens of Rhlne salmon TOSH (99) injfff”

a similar number if salmon from the Rlver Tweed in 1905 and FRITSCH

(24) in the Elbe salmon,

In my exten31ve paras1t1c materlal I encountered Dlstomum‘ .

Miescheri only three tlmes namely one tlme each 1n an Upper Rhlne

Mlddle Rhlne and Lower Rhlne salmon'ﬂThey always llved'ln the stomach




:fffﬁwhich wes'richly foldéd.

The parasite is immediately recognizable on account of iﬁéf

© - typical shape,:already emphasized by ZSCHOKKE as characteriStiC?

AT 2 I S rarga g I % 17 S

-f;Tfeature; and it can thus be easily distinguished from the other“M

‘:{ f§Ksalmon'trematodes The entire body is shaped-like a written Latiﬁfﬁﬂ

Rt e R e

"It can therefore be easily d1v1ded into an anterior end of thetg

ey
IS

R YY"y

,,;fbody reachlng from the oral sucker to closely behind the ventral
ifsucker and a’ posterlor end of the body (caudal part accordlng to

jFZSCHOKKE) The body of my largest specimen is 12 mm 1°ng-‘

Since ZSCHOKKE's description of this parasite contains
-~ all essential facts on shape, dimensions;ef‘body and of suckers, I
‘ﬁfneed not gé into detail here.,

~0On its inner'structure, however; T would like to add a fewff;'

-pemarks and corrections. .

Even ZSCHOKKE himsels corrected himself with regard to
“the development of the intestine in his second publication on salmon '

parasites (112). The spherical, very muscular pharynx is followed:rﬁ;V

by a sac-like extended esophagus. The intestine forks out into twoﬂéff“w

.parts'epproximately'in the first third of the distance between oral " .

“and ventral sucker. The two parts themselves extend to the POSterlori".
;2erend of the body in slight spirals. At approxlmately the ‘middle’ of

“j§;';the1r-entire~length:~°ae°a start protrudlng which rearward become




bigger and then smaller again towards the'endpof‘the two parfs'g
ZSCHOKKE reports dorsal and ventral sacs. In my oplnlon thls 1slnot

- the case, In one ofumy speclmens the 1ntest1ne 1s completely fllled“

it can be seen clearly that the two parts of the 1ntest1ne have

r.g \ohly dorsal ramifications,

- The excrewry pore lies at the end of7the"posterior'endfof5
the body. ZSCHOKKE has 1nterpreted and descrlbed the course of the

excretory vessels correctly.

ZSCHOKKE writes that the male and female genltal passages ﬂa.u;

.end at a larger or smaller distance from each other‘ Wthh LUHE (6l)
'con51ders very questionable. To clear these doubts IAexamlned‘

2 preparatlons left of ZSCHOKKE's material. and my materlal carefully

and reached the follow1ng conclu31ons

Distomum Miescheri has only one genital pore which is

locatedAventrally approximately on the level of the“posterior 5r51’jf;'_
sucker, The'pore is surrounded by swollen margins 'Therentranoe S

is followed by a bottle-shaped dlsten51on the genltal atrium, at

the base of which lies the actual JOlnt orlflce of the tWo comblned
genital passages' This strange arrangement may easmly give the |

impression that there are two openlngs for the pore is sometlmes

far away from the end of the Ductus hermaphrodltus.,lt may be shlfted

. A‘._l; T




A”forwardfas'far,as beyond the middle of the oral sucker.: -

N L

‘1nxall specimens the entire genital organs were still:little

”ﬁ:i;ldeveloped and what was already developed was almost always hldden

b o3 s e
msas £ *E
e s

"i}by the two parts of the _intestifé coloured black b the1r contents.

There 1s nothlng essentially new about the male organs. Thef

_;oval testlcles lie slightly before the beglnnlng of the 1ntest1nal

i%caeca. I cannot make any statements on the Vasa deferentla on account
: ‘f:of the reason mentioned in the preceding paragraph ‘The semlnal |
" vescicle is an elongated sac which is approximately 0.540 mm long;

'7Afﬁit lies dorsally in front of the ventral sucker. The prostyata partﬂ?j;fg

" surrounded by prostata cells lies in front of the Ductus herma- -
e phroditus into which the male and the female genital passages open. .
‘9fflf“ﬁ"The excretory duct for male and femak genital products, the Ductus ' .

e

;hermaphroditus, is enclosed by the short, muscular cirrus pouch*}ﬁm:fﬁ‘f

. which,'when'relaxed, protrudes very slightly into the genital atrium.

The following can be said about the female'genital organs,ﬂ‘l
' Behind the testicles lies the spherical ovary with a diameter'of,f?“‘gg

1.705 mm.?Adjoining it is the sausage-shaped Receptaculum seminis};¥£1~

" which is‘somewhat smaller than the oVary;‘It was‘impossible to- .-
e ascertaln whether a Laurer canal existed or not. On account of the . .-

S two parts of the intestine, the v1tellarla are hardly visible, but -

.%’r_ fhthey lle‘behlnd the testlcles and the ovary.:leeW1se, the course of




i

" then forward stralght.

N

., salar. DevelOpment unknown. Geographlcal dlstrlbutlon llmlted to

“the usual habitat of this para81te in other hosts.

Nothlng remains to be.said about the ecology of thls para31telV7

as ZSCHOKKE (112) has dready discussed this questlon I fully

agree w1th hlS view that Distomum Mlescherl is- a purely marlne form

Distomum reflexum ZSCHOK. nec CREPL Found only a few

times and in small numbers in Rhlne salmon by ZSCHOKKE (112)~and _}
HAUSMANN (35). o ' R

Saotfartthe only known hosts are chlopterus tumpus and Salmo

" North and Baltlc Seas,

Lecithaster gibbosus (RUD ). ThlS is a purely marlne

parasite. I found it several tlmes in Rhine salmon: and in 2 Spe01mensi‘e

of Norwegian salmon, partly in the. stomach partly 1n the 1ntest1ne

I have nothlng to add to the detalled descrlptlons by

'LEVINSEN (48), ODHNER (77) and other authors. The - follow1ng hosts "'fff

are known for this parasite:

Marlne flSh

‘Teleostei: AcanthOpteryg11~ 8 1ntest1ne) “Atlantic Ocean;

- ProenyngoinsPharyngognathis 20 0 ") (European and -
IR Anacanthini:. ,,;i5£g”gj""*‘ ) American coasts),
Physostomi: . - 4. = Mo ) Ngrth and Baltic:

Seas:¢ﬁq;‘




"ijigratory fish: SO ,
BRI I Tw‘ :Salmo salar Stomach and 1ntest1ne~ Rhine; Norway
R Salmo trutta  Intestine : Scandinavi
>‘av;w_>“;;w¢ S .' Anguilla vulgaris - " - . . PR n '

Le01thaster bothryophorus (Olss.) which was found.by s

. “'QSTAFWORD (95) as a parasite of Salmo salar at the Canadian coast

f:‘ls presumably synonymous W1th Lecithaster gibbosus. Unfortunately
%jISTAFFORD did not make any detailed statements on shape and size: of

"hn.s parasn.te .

It is interesting to note that $TILES and HASSALL (97)'namé:f_j}

a'Colymbus cristatus as another host. The marlne trematode may have S

| ’h?:entered the ‘bird intestine with food “with a mlgratory flSh presumablyf‘.

.'”*fplaylng the role of 1ntermed1ate host

caay s TR TSI
T s

i

Sinist?héhorus simplex_(RUD.). According to reports .

by STAFFORD (95), this parasite has been found in Canadian marine

fish, among which Salmo salar is mentioned as the only migratory fish.. -
© Tt cannot be decided whether this species is synonymous with E

' Distomum simplex RUD, because morphological details are lacking. °

In any case, this parasite is a northern form of marine . .. -

- character. STAFFORD lists the following hosts: Acanthocottué'scorpiﬁs,V

" Gasterosteus aculeatus, Hemltrlpterus americanus, Phycis cuss, « . oo 0

- Scomber scombrus, Sebastes marinus and Salmo saLar. T




1%

Hemiurus Lithei ODHNER. According to LUHE (61), this

parasite was found once in Leipzig in a salmon of " unknown orlglq

From the list of hosts its .marine character becomes: obvious. o Lo

Marine fish: .- 5\ T T : S
Acanthopterygii: L4 Esophagus & stomach ) North Sea. At-,

Anacanthini: 2 " . " . ) lantic Ocean -

Physostomi: 3o ,i;.fﬂ-guﬁ')‘(European and -

: - o . e "American” coasts)

e e

Migratory fish: ) s ' >
- Salmo salar: ' Esophagus .. Fish market in’
: ' S T Le1p21g9.fva‘

Brachyphallus crenatus (RUD. ).'Until'recentiy,'j

no other trematode group was as confused as that. of the Hemlurldae
(= Apoblema Duj.e.p.) because "various authors used dlfferent names’
for the same species or listed different Species'undefroneland the

same name" (LUHE,60).

RUDOLPHI (87), OLSSON (78,79), and MUHLING (72) report on .
trematodes with anal appendages which they found in salmon and called.gg

Distomum appendiculatum. All details given by these authors on -

classification, looality and host have to be accepted with great

oaution. ODHNER (77) has proved that most of those findé'(OLSSoN)QH-°"'

are not Distomum appendiculatum, but Brachyphallus crenatus.LﬁHE'(oo),

also stated that MUHLING's finds, which he classifiéd'as_Distomﬁm,'

did not belong to that species, but'to‘Brachthalius;oHovélsoiproVedofo




»}ffARUDOLPHI'S (8?) report to be incorrect.

1

 The same will apply to those reports by ZSCHOKKE (112),/ &/
FRITSCH (24) and HAUSMANN (35) which classified all trematodes withfjfﬁ

anal-appendages found in Salmo salar as Distomum appendiculatum, =

According to LUHE (60), Brachyphallus crenatus very oftenvf_

' parasitizes the Baltic Sea salmon (Kdnigsberg). ZSCHOKKE (112) élSOL }; 
... found his trematodes in salmon from the Baltic Sea. HAUSMANN (35) 5 7fi:

_ found trematodes in Rhine salmon which he classified as Distomum .

'appendiculatum and Distomum ocreatum (no author mentioned; presumablyfﬂ'

. Dist,ocreatum OLSS.nec.RUD.),rbut both species ‘are synonymous Withjﬁf:f

,:Brachyphallus crenatus. Most likely his finds will also belong to - -

-the latter species.

in Elbe salmon, but it is not certain because we have neither

picture nor description.

" the structure, shape and size of which‘agreeé in all details with .
- the characﬁeristics'described for Brachyphallus crenatus by_ODHNER ff§
. and LUKE. | | e

"localities'so“uncertain; it is very difficult to make definite -

"‘statements on geographical distribution‘and hosts,)ngever; we'éan~}j

The same may apply to Dist.appendiculatum found by FRITSCH (24)

Occasionally I found a trematode species in Rhine salmon

As the’synonme is so'complicated_énd;information on




obtain a falrly clear picture from the facts we are certaln of

.This paraszte has approx1mately the following hosts~whng

Marine fish: S S E RS
Acanthopterygii: 3. EsophaguS]&.stomaeh)'Atlantic Oceah. -
- mo . ..m. ) North and Baltic

i Anacanthini: 9 .
' Physostomi: 3 - meo ™ ) Seas. Mediterra-~
' L * - 2 nean (rare) - .
~ Migratory fish: R R ' A*“_ﬁéé_
' - Salmo salar: Esophagus and stomach’ North and Baltlc .
, , . Seas, Rhine Elbeetc.
Osmerus eperlanus T 7‘,, 70
. Salmo trutta " o " ' ? ' ‘ 1~'“,
Acipenser sturio " . " Scandinavia®

This shows that Brachyphallus crenatus'paraeitizesfeXCluSinljhf

marine hosts and belongs to the northern fauna.

Distomum appendiculatum BUD. ”STAFFORDn(gs) found

this parasite in a Canadian salmon but does not describe 1t 1n,l'7

detail., We can therefore not say whethér he classzfled it correctly g

and Salmo salar is a host of Distomum anpendiculatum, after all,

or whether his find was also a Brachyphallus crenatus. WARD-(103) ‘??;;h

has grave doubts about the correctness of the classzflcatlon. Untll |

other findings confirm or disprove 1t however we. have to be CE

satisfied with STAFFORD'S 1dent1f1catlon.

I will not dlscuss the geographlcal dlstrlbutlon and the 2L

hosts of this par&szte in any detall 1t may;sufflce to say that

Distomum appendlculatum 1s a marlne form.




HT{L.paraSites;With.the widest ranges of distribution are seldom forms: i

I)a trematode in Salmo salar from the Rlver Tay, but he did not”

 ” 1dent1fy or dgscribe it. The parasite llved in the es0phagus.

[t S AN i Sl ol ot S et LB S

Derogenes varicus (MULL;).Although this species of -
. ltremétodes is predominantly marine, it:occaSionally'iﬁféSts also ”

'potamophilous hosts. This agrees with the facttthat.the most‘commqnf

" of one or the other element. I would like to call to mind only .

"'Scolex pleuronectis and Ascaris capsularia. The hosts of thiéf$i4“'xM

parasite‘are'the following:

- “Marine fish: o " : 36
Acanthopterygii: 22 Esophagus & stomach) North & Baltic
Pharyngognathi: 1 " ) Seas, Atlantic.
Anacanthini: 3 . .om ' n ) Ocean (Europ.&
‘Physostomi: 5 " ‘ " ) Amer.coasts),

. : ~ ) Greenland

| Migratory fish: , _
7 Salmo salar © Esophagus & stomach  Rhine, North
L .. and Baltic Seas,

~ . .o Atlantic Ocean~
Salmo trutta , oMt Ngrth Sea

: - Osmerus mordax? \i5ﬁ'f":fgf_":~;"lg’vjAmerlcan coast
- > Toregonus oxyrhynchus ;" . M Sn 2
- Acipenser sturio - " . ... M. - Germany
'~ Freshwater fish: | Sea |
U Thymallus wulgaris . 0 M op oo 5 o
~Lota vulgaris : L Scandlnav1a -

Coregonus Wartmanni; SN ?‘hgv-A\ oon

S e ' o S " by LEVINSEN (48)
: .The 1arva1 form of Derogenes varicus has been suSpected/%o




live in Harmothoe imbricata L@QL”SIAFFORD?t957”ﬁeﬁfibh§*ﬁ§?iﬁeﬁ

copepods (Acartiag a8 intermediate hosts,

I found Derogenes varicus falrly often in esophagus and

vstomach but very rarely in the 1ntest1ne. Thms trematode has more
specimens in one salmon than any other salmon parasmte.‘Frequently
fonly a few specimens were found, but at other tlmes more ‘than lOO
The worms always had a yellowish colour Wthh 1s caused by the;

- eggsswithcwhich they are completely filled.

Derogenes varicus isiknown from numerous. descrlptlons and.
drawings so that I need not discuss it any further.:.,7" PRt
3/ Potamophilous forms: j

Crepidostomum farionis (MULL). As a northern parasite;
of purely potamophilous distribution, it is'a,rere,guest of variehsf
fish of the family Salmonidae, as becomes elear'ffom the following:
1ist of hosts: e B

v'Migratory fish: _
Salmo salar: Intestine - ‘Rhine
Salmo trutta L. Europe

Coregonus oxyrhynchus  ”§1"

‘Freshwater fish: L

#r7 Salmo fario - Intestine " Sweden <.
s 7, Salmo salvelinus Mo sl Germany
- Salmo fontinalis S -J’Zgﬂ@gfg;fCanada

<. Coregonus lavaretus -\ .-
Thymallus vulgaris

.Sweden
n. -




'L?‘parasitizes'an amphibian, Necturus (Menobranchus) maculatus (RA &)

" The aquatlc mode of life and nutrition of; ‘thateanimal may have

'Fﬁifdetalls on the varieties of Crepidostomum farionis on which STAFEDRD

’ '*“fjreports.'

&
x

- STAFFORD (95) reports the strange fact that this para81t;

i

caused it to become. infected w1th the parasmte. I shall not - go 1nt0g<

' Salmo salar is a new ‘host- of”Cre01dostomum farlonls. I found

RJ this rare parasite once in the terminal.intestine of a Rhine. salmon.113°

",I have only little to add to the descrmptmons by RUDOLPHI (87)

‘and in particular by OLSSON (77). The parasu:e is 2,48 m long and
2};.hés a makimnm‘width of 1.080 mm.- I am in a position to confirm the ;&;.

t view‘ODHNER (77) had enpressed on the number of papillae on the o
. oral sucker. The SPéCimen I found has 6 distinct tuberosities which

" - originate frontally and laterally on the margim of the oral sucker. ;f

" We can only speculate on how Salmo salar acquired this -

purely potamophilous parasite. Perhaps with the respiratory water,‘__c‘

"perhaps through an intermediate host (if Creploostomum farionis *;fh,"

has one among the freshwater animals),

The geographical distrmbuﬁmon of the para81te can be seen "

’if - from the above list.

‘”Aiygia tereticollis (RUD ). In 1911 ODHNER (76) =

'Mh: separated the trematode spe01es known as’ Azyg;a teretlcollls.(RUD;Yf




into 2 Speciés on the basis of the different sizes of the:éuckeéé

and mainly on the basis of the different sizes and shapes of th%—?ﬁ =N

phar&nx, namely into Azygia‘tereticollis (RUD ) and Azygia robusta fif»;

nov, speciLODH. The first speciles para51tlzes predomlnantly Esox :

lucius, the second one lives in the 1ntest1ne of varlous Salmonidae, . -

In'1863. McINTOSH (64) found a specimen of a Dlstomum Spe01es

in a salmon from the River Tay; he identified it as Azygla teretlcollls.

Of course we can no longer say which of the two species he really_~, §§}

found because we have no details.

‘Infthe stomach of a m=kxx® Rhine salmon I found'%Tature
trematode whiéh:I identified as belonging to the genus Kzzgia on;.
account of its size énd shape and the developmenﬁ of its innér organéj
The parasite is 12 mm long. The oral sucker has a diameter of 0. 936 mm,

the ventral sucker of O, 736 mm. The pharynx is O, 378 mm wide and ©
’ \0.576 long, therefore it is almost twice as long as it:/lis Wlde.—'

-a characteristic of the Azygia species from Esox lucius. We are

thus dealing with Azygia tereticollis (RUD.) s.str. from Salmo Salér;j:'

This disagrees with ODHNER'!'s (76) statements-on the ZV‘fhfif;

relationship between hosts and form of parasite. We however, 1nfer5ia?
from this very 1nterest1ng case that freshwater para31tes are very

‘rare and accidental guests in salmon, since Salmo salar has the;?ff?ﬂﬁﬁ

Azygia species foreign to the Salmonlaae, 1nstead of the spe01es

\zygia robusta usually a paraslte of Salmonldae-; fff




-”-ri]fcase of Crepldostomum farlonls. We - can only repeat the same spe

,;;71t is difficult to define it after ODHNER separated the species f;aggg,,

;”ﬁdkilnto two parts, If we eliminate localities where Azxgla - presumablyﬂfﬂ?

'8. fario in Wurttemberg and in the Lake of Geneva, S.trutta in Swe-{ 3

‘iéﬂhden, S, 1acustr1s in the Lago di Garda and S.salvelinus in SWeden)

L we still have sufficient clues to be able to say that Azygi a‘“*i

_‘ wd:fﬂThere is almost no Rhine salmon Wthh when opened does not .

.." have a cestode of some form or Spe01es, either as larva or as mature ‘f

M.
i

We know as little about the mode’ofdiﬂfection as in the

e

'fvlatlons.

- With: regard to the dlstrlbutlon of Azygla tereticollis,

rovps -

'Azygla robusta - were found 1n Salmonldae (Salmo hucho in Wurttemberg,py

" tereticollis (RUD,) occurs almost all over Europe. This becomes .
following . A
: obv1ous from the/llst of hosts and localltles

gﬁ,Migratory fish: , ‘ : N . (
 Salmo salar . Stomach - Tay?, Rhine

Anguilla vulgaris . Branchial . o
cavity - - Swedish lakes

\7dereshwater fish: S
o AcanthOPterygll 2 ‘Stomach . ) -

Physostomi: . 6~ "o ) o

(b) Gestodes: The order Cestoda-accountS'for'the majoritigiﬁx

‘w;vof the salmon parasltes with, regard to both species and numbers,;r”,rg:

e?worm. It 1s however, strange that Salmo salar 1s not Par331tlzed




,g'tvab fm?"évm, S ' R
by any other form of otroblla\but Abothrlum crassum. The reason for ;fi

e et - et rar ,4‘

f'lthls shall be only briefly referred to here, but dlscussed in thallA

“in the blologlcal-faunlstlc part it is connected W1th ‘the pecgllaf”

mode of life of Salmo salar, 1ts llfe in the sea’ and 1n fresh waters
A.dassification of ‘the cestode‘parasites onlthehbasiS'of”
their origin meets with varioue difficulties.because'mode of?iife
hosts and iﬂtermediate'hosts are'knownaof*ohly'a‘few'speCies.)The
- number of species parasitizing the'salmon,aS'larvae;'ohithe othef
hand, is laége;‘and their»origin%is difficult to aScerﬁaiﬁ;‘In’e”d
order toffoilow a certain system in this part, just'the'same;jl Al
have included these larval forms and the-Spenies_reported‘byAvafioualffﬁ
acthors and'considered-as highl& questionable forms in the group»? o
of marine parasites. It will become clear from the faunlstlc— ,f'
blologlcal part that I have not made any great mlstake in d01ng so. f%e’

. ©l, Marine forms: .

\

Taenia spec. VAL. DE BOMARE (11). 1741, 1756, 1780.

I already discussed this species in the historical part. It ise

" possible that it was a specimen of Abothrium crassum, a view fufther.jf

corroborated by the description of this worm, as ﬁo“other‘ceéﬁode7f .

species is known from Zalmo salar which has the same characteristics

and lives in the intestine;'-'




. g
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ﬁ . Taenia continua plana SPURING (94) . 1746 Thisir’

S

R*para51t1c specles has also been discussed in detall in the h:Lst'E
?fk’part I- WOuld only like' to repeat very briefly that,_contrary t‘ﬁ
.~ﬁj‘the V1ew held by BRAUN (12), I do not’ con81der thlS form as. a

\"fi‘larva of ngula "but as Abothrlum crassum.'

Taenia spec. TOSH (99). 1905. "One larva was observed"ﬁ 40

"o writes TOSH in his report on the parasites of the Tweed salmon.

;Of course we cannot draw any conclusions whatsoever from this note

- If it was really a Taenia, the report is 1nterest1ng inasmuch’ as,’:“

”lt 1nd1cates that apart from Bothrlocephala Taenia can also ;#i

: para81tlze Salmo_salar.

, Cysticercus'SPec. GIEBEL (28). 1866.4 very questlonable -

Spe01es whlch does not lend itself to any. 1nterpretat10n._: 

Bothrioceohalus imperfectus cysticus CREPLIN (16)'H

- 1848. ThlS form does not offer any clues for dlscu881on From the ?ﬁ-

'term "cystlcus" one: mlght thlnk of a Bothrlocenhalus larva found

':encapsulated 1n one of the organs.rff”raﬁaffji‘ffxx? !

Bothrlocephalus Spec. 1894 WARD (103) reports thatiﬁ

;f~the par351te collectlon by HASSALL contalns a bothrlocephalld

.;;}ispec1es found 1n Salmo salar 1n EnglandifMorphologlcal detalls are;j}ﬁﬁ?

fmxssmng..f“




v, LINST. The others are referred to in 11teraturn as Botnrlocephalus

R

the above paper and its systematic classification"OnevSpeCies;; onea«"

- mentions a gregariniform creature which he“found-frequentlyfin:~

Bothrlocephalld larvae ZSCHOKKE 1889, 1891 189q§

In his extensive parasitic material collected in, the Years 188815_'

1890, ZSCHOKKE found a large number of larval forms 1n a publ;fatlonfﬁf

in 1890 he reported on their shapes and on their relatlons towards'kfil"

each other and to other, similar, already known forms (111). In hlsigﬁfl

third publication on salmon parasites (112), we find additions tod Aﬁfﬁﬂﬁ

Bothrlocephalus spec.I 1890, was recognlzed as Bothrlocephalus osmerl.

- spec.I 1891, Bothriocephalus spec.II’ l891_and4Bothrlocepha1us Spec.;ffﬁy

III 1891,

In 1896, the same author (1ll4) reports again on severalf3 ”'d
' ’ ; 14l i - o

bothriocephalid larvae which he had found,salmon from the Nyrth Sea,
from Holland and from the Middle Rhine. He does not mention their

systematic classification, their size and shape.

Tetrabothrium minimum (v.LINST). 1888, Untll that

year, this cestode larva was found in a few specmmens only, and_

exclusively in Salmo salar. In 1888, Von LINSTOW—(52),named;it;lbut¥}?}'

it seems to have been known even earlier, for in“l863'McINTOSHf(éA)f?E*

the nyloric appendages of salmon 1ntest1nes He descr:bes them and o
expresses the view that the anlmal mlght be a developmental stage

of another parasite. From the descrlptlon and the draW1ngs a [¢'ﬁ;':if




£ ) o .
e ’ . ’ .
"" . F . : ' é{ )
I e e o y

.certaln resemblance to Tetrabothrlum minimun"does” become apparenp

,_,-“ e . [‘5,

f;An 1dent1flcatlon, already assumed by’ WARD (103) may perhaps bef~‘

g§p0881ble..:'

In 1905 TOSH (99) found another Tetrabothrium in a salmonf_

**vffpfrom the Rlver Tweed, also in the- pylorlc appendages, but he does

'*not descrlbe or depict it.

Tetrabothrium spec.TOSH.1905. TOSH (99) calls the ;;_

“lpara81te whlch he found free-sw1mm1ng 1n the rectum of a Tweed

hg:;salmon, "probably more .advanced forms of the. laSt~SPeCIeS": the~

lig\"last Spec1es" being Tetrabothrium mlnlmum V. LINST Agaln no detalled

. f!_fdescrlptlon. o

Tetrabothrium nov.spec. (larva). In the rectum of

e Lower Rhine salmon which I examined in June 1912, I found a small {j

'!‘~yellow1sh-wh1te body of oval-heart shaped contours.

The maximum length is 1, 368 mn, the maximum width 1, llB mm L |
The anterior margin is deeply indented. This indentation is ‘
soherical et
0. 252 mm long It contlnues 1nto the/body as a canal which W1dens TR
‘ﬂ.,sac like at the base, approx1mately in the centre of the anlmal

5 The entrance of th1s 1ndentatlon bears two strange t1ps of eoldermalf;'f

;orlgln on either S1de. They are approx1mately 0.0155-0,0186 mm long.ppiﬁ'

'Qj»JI cannot explain the physmologmcal funotlon of these structures.p_d7“”&




- of the pore to a small vesicle, open 1nto it. Of the 4 vessels

-

RO -
b

PN
WESITLOGER L oL

This larva completely lacks any hairs or scales as I. obscrved tQ@m.

on the bothrlocephalld larvae from Oncorhynchus nerca,(Kamtchat?a)}

" (116).
: For further details and better understandlng,ifeference
should be made to Fig.5. . | |
Opposite tﬂe indentation lies anothep shallow'ipdentatlop;i

the excretory pore. The 4 excretory vessels Which dhite iﬁ‘front““V

2 are parelcularly well developed; thls was even more dlstlnctly

visible on transverse sections made of the_paras1tes at a later date.

Inside, the larva is largely fllled with parenchymatous tlssueﬂ
in which comparatively large, oval calcareous bodles lie dlSpersed. R
Then we find, practically in the centre of the body and on the - A
inner end of the above-mentioned canal, the bothrlaland;the rostellum.x
" A narrow space is visible between this centrally located scolex
complex and the above-mentioned tissue; it surround the scolex W1£hf o

its bothria like a shell.

The Z large, auricle- shaped multl lobed bothrla are
located on the lateral walls of the above descrlbed bottle shaped
canal, W1th‘the1r concave surfaces turned.towards the hollow space.
The dorsal and venoral bothria are close po”each/other,»while
the left and the right one are located atfa?distancefpo'each‘other;;

Inside these sucking_surfaces'the rostellﬁm_proﬁeccssﬁiﬂtoﬁthefcanal;f}_




~on 1ts tlp it bears a flfth, small sucker as I could ascertaln

3'11from the ‘transverse sections through the anlmal It has no hook%;.

Systematlcally, this peculian cestode 1arva may be ass1gned
| ito the group of Tetrabothrla. It is presumably the developmental

" stage of one of the family of Ichthyotaenllda"_lt cannot be- compared?

*f%With:Tetrabothrium minimum v.LINST,

Tetrarhynchus spec.Mc.INTOSH. 1863. McINTOSH (64)

l\fljfound the scolex of a Tetrarhynchus in the rectum of a salmon.n7

v:rVery llttle 1nformatlon can be derived from his draW1ng and
fﬂVdescrlptlon. o

- In my materlal I found small bodies of 81m11ar shape and  af§§A
r""»'-sn.ze Wthh as I Wlll show further below mostly proved to be T

i”_;- developmental stages of Tetrarhynchus paleaceus RUD. If such para-'i‘f

“." sites are crushed, one finds not only calcareous bodies (= "oval

”f;f;fbodies or cells, pale and translucent'", as McINTOSH describes them),*s
"fbut also parts of the scolex such as oroboscis, proboscis sheaths * .

“and proboscis clubs, The Scottish scientists also saw such remalns._f‘g'

- f-It is thercfore well poss1ble that McINTOSH was deallng w1th

{fdevelopmental stages of Tetrarhynchus paleaceus. .

i;Tetrarhynchus spec. ZSCHOKKE 1896 Wlthout detalled .fpxw

%:bdescrlptlon ZSCHOKKE (114) reports that he found a ietrarhynchus




REYA

'oalmo salar with certainty. He mlght mean Salmo trutta

- Tetrarhynchus rugosus BAIRD (3). 1853 "Fer the:éakéﬁx,j:'
of completeness, this parasite shall be mentloned here TOoH (99)1{*;"

identified it as Coenomorphus g£rossus (RUD ), but hlS deflnltlon

of the host - "of a salmon" - is too 1naccurate bo be taken for

The following, partly well known and wmdely dlstrlbuted

epe01es whlch,'howeVer are rare in ‘Salmo salar also;belong_to-

the group of the purely marine forms: S

Tetfarh&nchus paleaceus RUD.‘Sﬁall,'yellowish-whiteixf
bodies of the size of a pin-head were occasionally found encysted‘fjf
or deposited in the esophagal or intestinal Qall,or between the‘;
pyloric appendages. Inside these bodies lay those parasitic larvae;f
enclosed in capsules of connective tissue, which are known as

developmental stages of Tetrarhynchus paleaceus. ZSCHOKKE (112),'t565~7

found such structures of similar shape, size and number in Salmo ~'.. ..~

salar and described them;‘

~As I explained above, MCINTOSH.(éh) was’ most llkely dealing -

with the same par381tes W1thout recognlzlng them as. Tetrarhynchus 3£Q,

paleaceus,




'fsttellare.~»jif7

[ s

' “*ifMarine Fish: 0 e

Mlgratory fish: _
“Salmo salar

" Teleostel: : - .
Aoanthopteryﬂil.- 15 :"‘

.~ Anacanthini » 10,
Physostomi RO
Plectognathi =~ 1l " .

yo
"
m

The larva as well as the mature worm are purely marine

ifpara81tes which accordlng to ZSCHOKKE (113) parasitizes Scyllium

RV

Selachei: =~ . 12 encapsulated in
- - * body cavity; free
~in the 1ntest1ne

o
ST I
o
"

Tetrarhynchus quadrirostris (GZE.).

,_Rhihe

This para81te

‘more sSeldom -

fediterranean;
in Atlantic o

Ocean; Northi
Sea

, Taj?f

is falrly common in Salmo salar. It lies encapsulated between the {f“‘

'pylorlc appendages, in the peritoneum, at the outer wall of the Eﬂ -

o intestine, more rarely is it found free in the body cavity. Very;"

“rarely it is encountered on the outer surfaces of liver and spleeh.lf‘a

- The capsules are mostly elongate-oval and yellow to white. Only =

 once did I find a specimen of Tetrarhynchus free in the body oav1ty,19

* with its probosces attached to the intestimal wau

"*E'::;deetalls reference should be made to the descrlptlon and araw1ng“

- As the parasite is known and has already been descrlbed‘
:hI need. not glve a detalled morphologlcal descrlptlon here The-3

“fftspec1mens I found were between 2 5 and 6 mm 1ong. For all other ﬂ;




in the publlcatlon on parasites of oalmonldae ' from Kamtchatka (}16)5“*

!l'
f

On the basis of my various flnds from Rhlne Weser and Nor-

wegian salmon which were all dlfferent developmental stages of

L

Tetrarhynchus, I can confirm TOSH'S (99) Oplnlon that Letrarhynchus

quadrirostris (GZE.), Tetrarhynchus appemdiculatus RUD., Tetra- ,'f%“ff

rhynchus megabothrius RUD., and Tetrarhynchus macrobothrlus Ve SIEB

are synonymous species,

If we include all these synonyms, Tetrarhynchus quadrlrostrlsr

parasitizes many merine fish. It is also reported to have been

found in representatlves of various other marlne anlmals,'as the

following list of hosts shows:

.

o - Marine fish: .
- ' Coryphaena equisetis Body cavity & 1ntest1ne g ,
Coryphaena hippuris . n L o
Halichelys atra LA f "\?4»’ %ﬁgggtegia-,
Scomber pelamys L oM : -
Scomber Soomber o  "an~;4: )lantlc Ocean
Scomber spec. " . B ”f&' ) B
- Lampris guttatus ' " I U )
: Migratory fish: ' e et - S
Salmo salar - Body cavity ~.°7 . . ' " Rhine, Tayfﬂ'
- o - Tweed, i
.- Elbe, weser

, Eastern o
- Kamtchatkagﬁf

* Oncorhynchus tschawytscha}fﬂ3ir?v"F"Z

Cephalopoda: . R . _j:
Loligo spec. = .o o mi Ly
Sepia officinalis :::7f;:ﬁ;,7 »Qfg Mediterra- .
Chelonidae: : V "_ &;)f ~nean . -
" "Ghelonia mydas;a:"',,37ufﬁ_mfu -QQ%f' |




- Coenomorphus groesus (RUD. ) Another cestode 1ar§“:

'fseems to occur as frequently in Salmo salar as Tetrarhynchus o B

;4ﬁfquadr1rostrls (GZE.), namely COenomorphus grossus (RUD ) Wthh ang i

- pamsd'e e e e :
. a purely marine an&ma&~ occurs onlywin marine flSh W1th the exceptlon y

’ of 3 mlgratory fish, “as can be seen from the follow1ng list:

; Marlne fish: L : ’
‘:“}Q‘Selachll ‘ 10 ‘Body CaV1ty’

1 .~ free in the Atlantic Oceanj

- .intestine Mediterranean =,
Teleostel o ' ' S

Acanthopterygii lO Body cavity. ...

.« Inacanthini: N

N e et Ve S St .

“fMigretory fish: - , L |
- Salmo salar - Body cav1ty " Rhine, Scotland, i

: xIreland Elbe? o
‘Oncorhynchus tschawytscha LA - Eastern Kamtchatka ...
~ Salmo trutta oo Scotland, Ireland;

,With regard to its relaticnship to other worms, thlS par351ter’

TEOCcupies a special position in the literature on parasites. In 1838

S ——

R “
'+ .0 DRUMMOND (19) found 2 larval forms (in Irish salmon)which he

‘described in detail and depicted. He identified one form as Teétra- - -

“rhynchus grossus RUD., while he interpreted the-other one as a new 46

 species and called it Tetrarhynchus solidus DRUMV. This separatlonfjf77

'ﬁg.contlnued untll 1891 when ZSCHOKKE (112) comblned the -two species, e

’p01nt1ng out that the characterlstxs Wthh might separate the twoéygﬁf«

;lfforms "are so negllglble and 1nconstant that a separatlon seems

‘”i; hardly Justlflable"'

TOSH (99) then took -8, decmslve step and comblned the two }35£5




,j;collected, LUHE (62) introduced the generic name Coenomorphus .

species under the name Tetrarhynchus grossus RUD: ‘on the basisi

of reliable material from the Tweed salmon whichghe-hihself'had

(grossuE)‘instead of Tetrarhynchus (grossus).’

I found the parasite several times_in the:body cavity'enfji

the intestiné on the peritoneum or also between the pyloric

appendages in forms which resembled partly Tetrarhynchus grossus RUD.,f}

| partly Tetrarhynchus solidus DRUMM i fully agree with TOSH's (99)

view that the species introduced by DRUMMOND under. the name Tetra-.ffx}'

obeolele name For

‘rhynchus solidus iiist be regarded as the exbinst-form—of Tetrarhynchus

grossus RUD. and must therefore be combined with the latter Theugﬁ'““7“

parasites grow to ax enormous larvae in the body cavity of Salmoeeﬁﬁifeu

salar, but die after some time and -are covered by the connective':°ffA

tissue of the body cavity with a tough capsule. In~these_capsuleei;efj

the former larvae are found in various positions - straight, bent ~ .

or involuted. If we open the capsules, we find calcareous'concretiehs‘“

and remains of the parasite inside.

‘I have nothing to add to the descriptions by DRUMMOND (19)-'.»:.
BELLINGHAM (8), Z3CHOKKE (112) and TOSH (99)- The blggest spe01men fff*’

- was 30 mm long and had a maximum width of & mm. “The dead forms’:

were always smaller: 18-25 mm long.

. Coenomorphus grossus was found in Salmo salar in Ireland, -

in the Tweed, the Rhine and the Weser. FRITSCH (24) presumably also

FTINE PO ": e

Tl




"'fffjto the flgures by TOSH and DRUMMOND of Coenomorphus grossus~than
‘fiwgfto qus‘ 49a and 49b deplctlng Tetrarhynchus*quadrlrostrls. & com-

Viﬁfayparison of the dimensions of Figs 492 and 49b and Fig. 49°~"ls°

" “rather Coenomorphus grossus. FRITSCH himself puts a question mark:

" behind the name Tetrarhynchus macrobothrium - the term he used

":for the larval forms he depicted and described -, which shows that*

' encapsulated in the intestinal wall and in the liver, some free in. = .

" found it in th% Elbe salmen, for Flg.49c in h;p report on the E;?ei

salmon deplcts a paras1te the shape of Wthh is much more slmllqr,

¥

e
e

:wflndlcatesthat Fig.49¢ cannot be Tetrarhynchus. quadrirostris, but

.+ he himself was not quite certain whether all specimens were reallny

* the same He states furthermore that he had found some larvae

»ffthe body cavity. The first locality agrees with Tetrarhynchus:‘

couadrirostris, but not with Coenomorphus grossus. The secondglocality"

- is the right one for the large larval form.

Therefore all these findings speak in favour of the view

© that FRITSCH was dealing also with Coenomorphus grossus from the

wi; Elbe salmon but erroneously classlfled 1t as an advanced stage of R

‘*fTetrarhynchus quadrlrostrls.

ﬁ Marlne potamophilous formsi

Tetrarhynchus erlnaceus v.BEN. Twmce in the Rhlne~j

e area“-.once 1n the Upper Rhlne the‘other tlme in: the Moselle -




A‘:\ : v N 0
T found, encapsulated in the esophagal wall t%e 1arval form of'ﬁ'-"
oo

Tetrarhynchus erinaceus descrlbed and depicted by VAN BENEDEN (?);:'*’”

‘The same species in the same stage was also found,onceyln a Weser

salmon at the same place in the fish body.
The 4 specimens are very similar to the f'irs‘cdevelopm’elrn:'at."L‘;-f“’""le
stages depicted by VAULLEGEARD (100). I could notvfind'any*moré?‘g«igﬁff

advanced forms. All cysts had a diamier.bf_approximately'0;882~cﬁ’};Eff

1.026'mm.

From Lhe small number and the rare occurrence of the

parasite in ‘salmon (for the flrst tlme) it may be concluded that
infection was accidental. ThlS seems - to be confirmed by the 1lst of
hosts, too, for the majority of marlne fish which are hosts and -

intermediate hosts belong to the Selachii. The parasite was found'7;{ri

only once in fresh waters, and only Anguilla vulgaris was kncwnf:' :

among migratory fish to be parasitized by it. .

Marine fish: ‘L | B -

Selachii: " 10" mature in the . ) Mediterra-
o intestine ) nean, Atlan-
Teleostei: o : .+ ) tic Ocean.
canthopterygii: 8 m.. . "also . ) North Sea.
Anacanthini: U T " encapsu-=) North Ame-.
: A 1ated in body ) rica (east
y f caV1ty St ) coast)
Migratory fish: . ‘ : S
3almo salar encapsulated 1n esomhaveal S
L wall . Cone e T J'.Ncﬁ Rhine . * -
. Angilla vulgaris 'ﬁfﬁx'- - u:\g,c,;,,; North

“America




ngfeshwater fish: - . , P A
‘. Lota vulgaris A_-encapsulated in body cav1ty Lake Gg neva‘

_ZSCHOKKE (115) has supplied us with a detailed faunisticg

”lgfand geographical report on Tetrarhynchus erlnaceus. He dlscussed

. the very unusual occurrence in Lota vulgaris in great detall and
\ .

reflected on the various possibilities of infection.,

' ' '(— Scolex polymorphus RUD )
~Scolex pleuronectls MULL This paras1te/1s also.

L :predomlnantly marlne, as the follOW1ng llSt of hosts may . show-9

Marlne fish:

More than 150 Sp€CleS .. - Mediterranean, Atlanticﬂlz
- QOcean, etc, etc. i

mllegratory fish: ""J SR a : i. :y° B

‘};'ih,,--s o+, Salmo salar .+ = Elbe, North Sea, Rhine .
<. 7. . .7 Osmerus eperilanus ~ . North America (Atlantic coast) .
- Petromyzon fluviatilis: .. - Germany S
Anguilla vulgaris © - North Amerlca (Atlantic coast)
Alosa vulgaris e T ?, e

' Freshwater fish: o _ -
Cottus gobio o - Tiber .

Perca fluviatilis * ?

Esox lucius _ France’
0 2almo salar jun.: . Elbe
- Ctenophora: '

'Cydippe spec. Mnemia norwegica.

¢

..Cephalopodas ) =
" Octopus vulgaris, Eledone moschata, Lollgo vulgarls A
Loligo sagittata, Sepia OfflClnallS.meﬁu i L

B

et

"%;g_CruStaceav' ”;";;<~f"'

'”77;;Pagurus bernhardus CarC1nus maenas.;}




a fact. ZSCHOKKE (114) found the parasite once in a North Sea;j""

the appendix region of the intestine, together with several zpegamens

previous reports, and my observations agree. completely W1th those

by RUDOLPHI (87), DIESING (18), MONTICELLI (71) and other authOrsst_.¢,

I need not describe it here,

It

iﬁ : C B

3 d
. - R} v

" of Abothrium crassum. As the larva is sufflclently known from ;ixj”’"“:

LUHE (62) is mistaken when he states that Seblex pleuronectls

had already been found in Salmo salar from the Rhine; this is not

salmon. I do not know of any other finds of Scolex pleuronectis .

its kind.

This cestode has been known from the Elbe salmon since’

all the year round. It has also been found in yOung”Salmoh of the

'in Rhine salmon; therefore, my find appears. to be»thé first‘oné{offf;f”

A1893; according to FRITSCH (24), it occurs frequently in that salmon-k

Elbe river which fact induced ZSCHOKKE to assume (115) that "Callie;fij

'is occasionally introduced into the rlvers"

Schistocephalus gasterostei (FABR.)}7ZSCHOKKE'(112)

found this parasite in the stomach of a Baltic Séé sélmon (not’ 1n \

a Rhine salmon, as the list of para81tes erroneously 1ndlcates)

The parasite is almost purely potamophllous ‘as. the llst

of hosts and localltles shows

bothrium (C. filicglle), the adult chain form of Scolex polym@rphus  ‘




'*5Larva in:

Marlne flSh ‘ N
Cottus scorpius . . Esophagus =~ .. . 2

"'Q{Migratory fish: C Rt S L
- 8Salmo salar - - Stomach = - ..7-Baltic Sea =~

:‘l:Freshwater fish:

. . Cottus poecilopus Esophagus T 9 :
. Gasterosteus aculeatus Body cavity  ~ East Pru351a o
‘ : .+ .. . .. " Normandy, Greenland o
Gasterosteus pungitius = "' .- Sweden ‘

Gasterosteus spec. .. .. .. "Moo ‘Lake Vyazero'q'f“
S SR .. (Russia)

S S e 2.'
Rana esculenta-4r“}fl‘InteStineﬂfi;-;}gPillau (East Pruss1 )'

Mammals

Phoca vitulina .- ° ‘Rectum .. .. Baltlc Sea
Phoca foedita S : : ' R
Fetis domestica R I . (acce. to CREPLIN T

. . o o region of Baltic .
Sea?) o

 Mature in:
’ ' NUmerous aquatic birds
Its geographlcal dlstrlbutlon is limited almost exclu81vely

{';to the Baltlc Sea and the surroundlng coastal areas,-

TrlaenOphorus nodulosus (PALL.). This parasite g

5];:also found by ZSCHOKKE (ll2)_énqapsulatédfiﬁlthe livérfof‘a Baltialﬁgl

QfSea salmon.

'"7 f_Ip parasitiiesjmainly freéhwatérffishfaéfhbsts andAintérmédlate_




hosts. It has the following hosts:

Marine fish:

U Italy ¢
R R

Belone acus, Intestine -

syngnatus hippocampus . - -on e : L

Pleuronectes flesus Encapsulated. . Baltic Sea

Zo&rces viviparus Encapsulated .. .. i o
in liver L

Migratory fish: S -

Salmo salar Encapsulated .+ - - U
in liver Baltic Sea .,

Salmo trutta Encapsulated . . P e

' in muscles ?
‘Anguillay vulgaris 2

Freshwater fish:

Intestine. -

) free in‘iﬁtestiné')'

Acanthopterygiif 5‘ . T
Anacanthini: 1 ) and encapsulated ¢( Central Europe.
Physostomi: 23 ) in body cavity - - ) S

Migratory fish are among both hdsts and intermediate hosts;iw
this may be one reason for the large distribution of'this'parasitéﬁt;Q
It is an interesting fact that the parasite seems to have becomé .
a regular inhabitant of the Baltic Sea so that marine and migratory:!i

fish alike can be infected there.'Salmon, too, presﬁmably aéquiredl]f"

his Triaenophorus infection there., The parasite spends its life
encapsulated in the liver of the salmon, dies there and forms

concrements of a hardness similar to that quthefCOﬁcfements:fouﬁd'f}“ 

by SCHNEIDER in. Zoarces viviparus.

y-' Purely_potamophilous_forms:

Abothrium'crassum (BLOCH);ﬂThe b6thfiqdéphélid[fofm“ff:f




 Abothrium crassum (BLOCH) is well known to anﬁ?parasitqlogist

{ns -

'examining'SaImo salar for parasites. Like Derogenes varicus in'

“stomach and Ascaris capsularia in the body caV1ty, thlS cestode

fean be expected almost with certalnty in any salmon 1ntest1ne
_}In most cases the scolex lles 1n one of the caeca while the chaln
Vor proglottids forms convoluted loops at the entrance of the ﬁﬁ’fﬁ
11ntest1ne and often extends far into the small 1ntest1ne with 1ts
floops. Frequently the number of para81tes is so large that the-V}*
worms form‘large clumpsjor‘compllcated convolutions in the pylorlc
{intestiﬁe;fln the.sa;mon.of‘the Upper Rhine, ertlre worms or smaller

.i;or bigder parts'consisting of several proglottids each are found

fwoccas1onally in the terminal intestine. It seems as if the para81te"‘-f
left: its host in fresh water. I shall return to this question and |

' similar cases ‘in another context further below.

: On aﬂ-average I found the parasite more frequently than A
. ZSCHOKKE (112) - 58.23% of the examined salmon, that is more than'f?f;f
.'?1{;hhalf were 1nfected with it. The intensity of infection dlffered

*'flt was greatest in salmon from the lower course of the river,

“A?_The average number of paras1tes in one fish was 1-20 but in most-i

'icases the flSh had only 1~ 2 Spe01mens whlch ‘were then very long..

rfOnly once Were 52 cestodes collected from one salmon from the«“V“':

*ﬂ:Lower Rhlne~ the max1mum.lengﬂﬁ of these cestodes however dﬂfk

_ffhardly ever exceeddS cm\xExcept in’ the‘above-mentloned case, I"j




oy

0
never found degrees of infection‘as high as th§$e obsérved in'th
Baltic Sea salmon by SCHNEIDER and in Rhine salmon by ZSCFOKKE ?
but I found sometimes giant spe01mens 1nstead Once I found in ogé
single salmon from the Lower Rhlne 4 bothrlocenhallds whlch were

70, 92, 95, and 97 cm long, respectively.>The longest proglottid.;;

chain I ever found was also in a Rhine salmaon; it was 120 cmﬂlbng@}"ii'
Here I would like to refer briefly to the large number of
“synonyms of -Abothrium crassum (BLOCH). After intensive studies on S

pérasites from Lake Geneva, ZSCHOKKE (108) solved the problemiof £5

the difference between BothrioqephaluéupfoboSﬁideﬁgfﬁﬁﬁfmgﬂaffi )

Bothriocephalus infundiEﬁliformis RUD. by recognizing them as syndé_

nymous forms. RIGGENBACH (86) showed that Bothriocéphalus salmoniSJf

umbla KOLLIKER and Bothrlocephalus suecicus LONNB., which LONNBERG ﬁny

'(57) had 1ntroduced as a variety probably caused by cllmatlc

condltlons, are also identical with Abothrium crassum, LUHE (59)‘5j

‘considered the cestode, introduced by MONIEZ (69,70) as the

representative of a new genus, Leuckartia nov,.gen., also synonymous .. -

to Abothrium crassum,

The reason for this creation of new names for the same |

parasite, for these numerous confusions, is to a‘largé partTtheVﬂf,ffl;

changing and sometimes strange development of the scolex of the

parasmte.

I studied this question at some length om my extensive




1‘{explanatory draW1ngs.

Saan -r G
Coo e
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The development of Abothrium crassum has not yet been quite;leéi
clarified. SCHNEIDER (90) found larval stages of this cestode in. . ° -

fSalmo salar and in the two coastal fish Clupea harengus membras

. ..!‘._’ e
[
‘l' .
i

;g'crassum (BLOCH)

' a,c,f - accordlng to

U bg,h,ik,1 - drawn .from

} Fig.l.

" d - according to ZSCHOKKE;ﬁ
e - ‘according to FRITSCH

Scolex forms of Abothrlum

OLSSON (1876)
(1884)
(1894 )

nature and preparatlons:,,f'

(1914-15)

i~ (1 = normal)

- and -Cyclopterus lumpus. These adolescent stages were not sexually
differentiated and lay free in the intestine. The larval forms which =

':ZSCHOKKE (108) found in various fish from Lake Geneva, cannot‘wiﬁh;fﬁ;,

'We know aS»little about the manner in which salmon gets |
infected with this paraS1te as about its development We also do RN

not know where and when. From the list  of hosts we see that

”‘V'fcertalnty be cla331f1ed as Abothrium crassum.

. Abothrium crassum is a purely potamophilous parasite. Therefore;




" prackish water in the mouth of the river. I suspect that Salmo salarif”

infection can gake place only in fresh water or poss1bly in the f
4 L,

becomes infected with the paraS1te through feedlng on small fish __;ZQ

which carry the worm in some larval stage. The various SpeCleS of fﬁ;
stickleback would be above all concerned because they are known -

to be able to live equally well in fresh water, bracklsh water and RN

salt water and they often carry this cestode.

In any case, this question of infection has yet to be

answered, Perhaps we are closer to a solution than we expect 'for e

SCHNEIDER (91) pointed out that Bothriotaenia rugosa is very s1mllar

to Bothriotaenia proboscldea and that the dlfferences stressed by

LUHE (59) and RIGGENBACH (86) are negllglble and not constant In-
‘his opinion, the dlstlngulshlng characterlstlcs might be "1ncluded
in the range of variations of one species". If this were true and_f“7ﬁ5

Abothrium rugosum could be combined with fbothrium crassum, the'

latter would naturally lose its exclusive potamophilous character;f“f-"-
have to o . R
The list of hosts would/be extended to include, in addition to the -

8 migratory fish and 20 freshwater fish, 10.marine fish and 1

freshwater fish as hosts of Abothrium rugosun. From the para81tolog1cal

VleWpOlnt and in view of the mode of . 1nfectlon of Salmo salar, such

a comblnatlon of the two species could almost be encouraged I
shall dlSCUSS thls questlon once more 1n the faunlstlc-blologlcal

. )_' part.
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Perhaps TOSH!'s (99) Statement is already based on such ;3:?:¥f25

"i' L
i I —- e+ i em i tim s e

= comblnatlon, fo%ne reports.- that~AB6thrium crassum is the para?ltenyﬂ

- of many marine fish, which would of course not apply 1f Abothrlum

U erassum and Abothrium'rugosum were different forms,

ZSCHOKKE'S statement {115) on the occurrence of Abothrlum-:_

"'frugosum in oalmo salar presumably is due’ to a mlstake at, least
/. ‘there is not enough prodf Sor the find. In any case, this case

©"° shows, too, how close we might have come towards a comblnatlon of

?téiAbothrlum crassum and Abothrium rugosum.

":iBelow, a list is given of fish infected by Abothrium crassum.’ .

S : ifﬂfr’g_' Marine fish (as 1ntermed1ate hosts) :

CYclopterus 1umpus ' Intestlne " Baltic Sea ‘4:}5
~Clupea harengus membras - - ‘ 1 o S

':Migratory fish:

7. Salmo salar e Pyloric appen- Arctic Ocean.
~ dages and in~'North and Baltic .
testine . . Seas, Atlantic -
: - Ocean (Buropean

2 _ : - o and American coasts)
~Salmo trutta ‘ . n Baltic Sea, ‘
Lo R SR " Sweden, Scotland
. . Salmo salar, var.nobilis "™ . " Murman Coast
- . " . ° (White Sea) o
Salmo caspius ..o o m Kara-Bogaz-Gol . v
o . - e - (Caspian Sea) . ::
- . . Oncorhynchus keta o oeome s e Kamtchatka,
v B . ~ R “1'*.Alaska
N N - Oncorhynchus nerka L n
Bk - Qoregonus oxyrhynchus - = . "ot a‘Gulf of Bothnla
. Osmerus eperlanus . . - .. " . " .

.. Freshwater fish: S : , o
Acanthopterygll.;-~' l Pylorlc appenda- ) Russia,Scandinavia,
e © ges and 1ntest1ne) Germany,Holland,
Anacanthlnl';;ff.;: 1 .o 0 o ) Belgium,France,
“Physostomi: =~ .. -+ 18 .. _."'f“f** ":'- } Switzerland,Italy,
. o L S aL ) North=Americaxeﬁ.
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' The above list also shows the wide range of veographlca}raﬁ“ '

distribution. Abothrium crassum is found in practically .all freph“?ﬁf‘

i

waters of the Arctic and temperateczones of the northern hemlsphero:iﬁf:

‘

Before I conclwe this chapter .on the salmon cestodes

ke '
I woulqﬂto refer brlefly to one para81tlc 8pe01es Wthh for a long

time was erroneously included in the list of salmon paras;tes

and was removed from there only by WARD (103). The species is

Bothrlocephalus cordiceps LEIDY. It para81t1zes Salmo myklss where _ngl
it lives as larva in the body CaVltY- AS mature form 1t para31t1zes s

aquatic birds,.

Nemathelmintes:

(c) Nematodes: According to their origin, the. salmon

nematodes can be divided into the following groups:

QX. Marine forms: 5(3 of which parasmtlze the Rhlne salmon)‘
ﬁ.lMarihe-potamophllous forms: 2 (2 of whlch para81t1ze,'
the Rhine salmon. | | -' :
| é%' Potamophilous forms: 2 (none of.which parasitiie tho*_

s \ Rhine salmon.

- Of the 9rmematodes, 5 have been found in Rhlne salmon..Wéijf

- see from the summary also that the Rhlne salmon does not manlfest




’fi'usually occurring in marlne fish only, in the esophagus

 tract 1n addltlon to the para31te Ascarls adunca presumably

"ftﬁln the maJorlty among lOO para51tes I found only h male ones.*fu.

"Ascaris adunca RUD. Idfound Ascaris adunca, 'a parasita o

). in the JUERS T

}ireglon of “the pylorlc appendages and occa51onally also in the termlnal ‘
ifintestlne. The fish. 1nfected by thlS para51te (9 Lower Rhlne and s

"”ffSB Norweglan salmon) had ‘many food remains in their entire dlgestlved_:ff

:entered the intestine of the salmon with the food - small flSh

~ (herring, etc.).

Almost always, the number of Ascaris adunca in one salmon 5f‘

was small; only once I found 78 specimens in the stomach and
intestine of one single fish from the Lower Rhine. In that case,~

however, the digestive tract was crammed with food remains, too.‘»'

W1th regard to outer appearance and structure of the orwans;ff56

[

I have nothlng to add to the descriptions by RUDOLPHI (87)

SCHNEIDER (89) and V. LINSTOW‘(51) Female, specrmens were always f;ﬁr'




The list of hosts 1s _as. follOWSv“”““J?

el

. Marine fish: - . *~‘.> S
Acanthopterygii: 8 Stomach & 1ntest1ne ) Mediterwanean,
Inacanthini:. 7. "ot o Mmoo ) Atlantid Ocean,

' - ST .7 ) North and Baltic
-+ ) Seas. White Sea.
~. ) -South Amerlca
) (Ushuala) ;

- Migratory fish: . . B

© ¢ Salmo salar btomach and 1ntest1ne North and Baltlc"

.o .o.. Seas, Rhine
Osmerus eperlanus © " EE T PR ? S
- Tlosa vulgaris Soemo e S meming Trleste &
ilosa finta Coom o R
Alosa sapidissima "~ M - ffNorth America

Anguilla vulgaris ... .o vaulf of Flnland_. i;f

A probable 1ntermed1ate host is also an 1sopod Tdotea..

entomon; Wthh is the staple food of many small marlne flsh.

Several specimens of : S
Ascaris acuta RUD. /Ehis parasite were found by TOSH

(99) in the stomach of Tweed salmon. From the llStTOf”hOStS'lt .

appears to be rare, and in Salmo salar it is presumably an
accidental guest.

- Marine fish: ) o
Rhombus maximum Intestlnevf°{ _ Paduaf

Rhombus barbatus Ul e
" Rnombus spec. o TR T Ttaly

Platessa plana - -~ " :'*'f{feff‘North Amerlca e

Migratory fish: ' = - L T
- Salmo salar  "5: R Intestine’e;“ifwTWeede;,‘_‘ 

We knovnothing about the de&elopmenﬁlof?ASCQris acuta. .




Ascaris clavata RUD. ZSCHOKKE llO 112) found thi

:‘hfparas1te 8 times in Rhine salmon, always encapsulated in the

“:;fesophageal wall or ‘in the peritoneum. Presumably, this migratorya

;ﬁ:fish became infected with Ascaris clavata by feeding.on gadlds Wthh
“53 are frequently parasitized by that nematode species. It is strange
“that the paraslte was found to have encapsulated itself when - L

3isexua11y mature. Perhaps Salmo salar is not a suitable host for‘l

'”*thls nematode species so that it tries to protect itself in that

"’manner.~,7“ 7; - 'QT3 :;71"1 } 2

A:: Marlne fish: :
= Acanthopterygll' 6 Intestlne and

Atlantic Ocean, |

)
S ) stomach- . ) North and Baltic’
- Anacanthini: = 16 " " 3 Seas, Arctic Ocean),

Physostomi: - .4 7 " Mediterranean.
:K7fz"fMigratory fish: | R
" ©  Salmo salar  encapsulated in " Rhine, Elbe, Ireland
e body cavity, peri- : S
ve T - toneum, esophagus
~Salmo trutta encapsulated in _ ‘
peritoneum, intestine Ireland -

\

Ascaris communis (DIES.). This parasite was found‘:

.by.ZSCHOKKE (112) in the body cavity of variBus Rhine salmon. The '1:f ;

if;ii.l further development of this nematode larva is unknown. '

Marlne fish:

Acanthopteryg11~'8 mostly encapsulated
. 'in body cav1ty
DM

)

) Ocean, Scand1nav1a,
) Atlantic Ocean

) North Amerlca

"fl=Anacanth1n1:] E

Berlng Sea, Arctic

ST RTINS SR HE £ ¢

RIS




. i
Migratory fish:

Salmo salar mostly encapsulated  I
in body cavity .~ + " Rhine .

Ascaris angulata RUD. ZSCHOKKE (112) found_a'matuféivizﬁv
worm of this nematode species in the esophagus of a.Rhiné Sélmdh;fff”

From the locality it could be concluded that the parasite was . -

trying to leave its host. Presumably, Ascaris angulata is as much{f”f#‘Q

an accidental guest of Salmo salar as Ascaris‘claVata;stuallyxj'x”

the worm parasitizes mostly various Cottus species, as becomes .

-clear from the list of hosts:

Marine fish: N . ,
Cottus scorpius  Intestine and stomach  White Sea

Cottus quadricornis Body cavity - = - Baltic Sea . C’f',
Cottus bubalis Intestine- ~-© North America '
Lophius piscatorius " T . 3Ireland . o

Migratory fish: . ) Lo
Salmo salar Esophagus (gullet) Rhine

— . s wmm ) e e o d sman e meme e e e

Ascaris capsularia RUD; This nematode larva whichf;f:j £

has been known for the longest time, almost always occurs in

Salmo salar, Again and again this undeveloped nematode is found in .-

various organs of the body cavity, mostly enclosed' in a'shining
white, sometimes slightly iridescent capsule, It is.to.bé'fouhd:‘f' 58

everywhere - in the peritoneum, the.liverfand:thé spleen; across.




" 'the entire outer wall of the intestine, between the pyloric appefi-

L g
Of the 170 examined Rhine salmon, 140 that is’ 83 3%, ‘were
g%

”*7?11nfeoted with a total of 554 specimens. Often there were only few %f

/7&&“

':’speolmens in one fish, and then again many, but 17 was the max1mum.

. of the salmon from other rivers which I had an opportunity to -“Pl‘

2f:examine,falways more than half, often all of them were~infeotedfif{
7~;In‘ZSCHOKKE'S (112)'casé; 76.5%, that is siightly’less»than‘for‘nyV
?salmon of the material were 1nfected but the number of para31tes

“tfound 1n one flsh was oon31derably hlgher. He reports 20 30 spec1mens7?

%an one- flSh

'.The view that Ascaris capsularia can, if neoessary, undergowii?
ha'free;living stage hetweenvthe larval and the mature stages, éave o
‘rise to.ﬁany studies.»RUDOLPHI (87) 'WEDL (106}, also ZSCHOKKE (ll2)h.

~ and most reoently DEWITZ-(l?) demonstrated by tests that the paraslte.i

‘iffcan survive 1n waeter for 2-3 weeks. My tests in this direction S

’hyielded similar results. Therefore a'free-living stage is not .-
fout of the Guestlon The paraslte is'ablevto leave the dead host .
l (wh1oh aocordlng to LEIDY, 47, is always the case) or an unsultablev

”fhhost to flnd probably better 11v1ng conditionsiin another host.~wx”‘

| I have nothlng to add to the reports by RUDOLPHI (87)
”'J;DUHARDIN (20) eto. ‘on the’ parasites I found T would only llke

to relate very few observatlons at. thls opportunlty'““hw"'”“




'ween
.:’i"‘ Lo !
15 35 mm. The disc-shaped capsules contain the animal 1nvoluted A

Dimensions vary greatly. It found Speclmens of lengbhs b33

"in one plane the anterior end always towards the. edge the posuerlcf
~end in the centre of the dlSC. This observatlon avrees W1th the one
made by McINTOSH (64). There was not one among the many hundreds

of ascarids Wthh was 1nvoluted in va different manner . The dlameter:
of the capsule of connective tissue, flattened on both SldeS 1s- .
approximately lO mm, With a sllght tug the para31te can be pulled
“out of its capsule which surrounds 1ts entire length llke a tube '
and then it rolls itself up again 1mmed1ately When placed in-

water, it moves with vivid, serpent-like motions. -

Ascaris capsularla has a very wide range of dlstrlbutlon fﬁf%”’
of all salmon parasites BT
in fact, the widest range/after Xmaxxmﬁ Scolex !

in every respect,

pleuronectis.

Marine fish:

Selachii: 3 mostly encapsu- ) Medlterranean
Teleostei: ‘ Jated in and on - O Atlantic Ocean,
Acanthopterygii: 33 the various organs) North and Baltic
Pharyngognathi: =~ 3 of the body cavity) Seas, North
Anacanthini: - KO rarely in the . America (Atlantlc
Physostomi: =~ -~ 9 intestine ) coast). South -
Lophobranchi: 2 . . )-America (Chile)

. Migratory fish:

Salmo salar: Elbe

:mostly encapsulated Rhlne .
Norway, etc.- L

Oncorhynchus keta
Oncorhynchus
tschawytscha
- Oncorhynchus nerka

' f1n and on the various. )n

“cavity; rarely 1n the ;

Alosa vulgaris
Alosa sapidissima

Anguilla vulgaris

Acipenser sturio ..

“organs . of the body
eastern
Kamtchatka e
Warnemunde(Baltlc
. North America .
. o .

, 1ntest :Lne
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j. €'M1€PatOPY fish (contlnued)w-~“

-Acipenser- Guldenstidtii free in 1ntest1ne

" Freshwater fish: _
~ - Esox lucius ~ Muscles . 9

Thymallus vulgaris Body cavity WUrttemberg .
. Lota vulgaris © oon - Lake Geneva::
-2 .'Also in Diomedea spec. (Kamtchatka) and in Phocaena .
T communis ‘ .

' ZSCHOKKE (115) has already discussed the occurrence of . -

. 'this parasite in the purely potamophilous fish Esox lucius,

'?lf‘ThymaliuS vulgaris and Lota vulgafisg

From all these observations and examinations andsfirom the’

 ¥173¥ff.'abové iist we See that Ascaris capsularia is a widely distributeéé“’ﬁ”sg
T :\ivéry ¢ ommon fish parasite, Further studies will perhaps clarifyt$fM 
!:tf*the‘life cycle of‘this ascarid larva.. They will also show. whether o
-STOSSICH is correct if he says that présumably capsule-forming~g

" larvae of various ascarids are classified under Ascaris capsularia. 60

-?;If this is the case, the list of intermediate hosts and the ged-: g”

.graphical distribution of Ascaris capsularia will be considerabiyin

freduced.f;

.‘@;;“5 ; ‘ | - : Cucullanus elegans ZED. There is. llttle proof for;7§5§3f

ffcREPLINts report (17) that Cucullanus elegans a nematode purelyf.

| potamonhllous with one very doubtful exceptlon was ‘found in thefj i¥‘Q

fflntestlne of oalmo salar. Unfortunauely: CREPLIN dld not glve

':1a morphologlcal descrlptlon of the worm he found or detalls on




f : ‘

the origin of :the infected salmon, Perhaps it waS”a,Baltic Sea i

salmon.,

DUJARDIN (20) found the only marine host, Lébrax:1upus;

infected with Cucullanus elegans.
the fish came from. Perhaps it was a Labrax from é-fish-pohd, ésﬁ}f.l -

this species is often raised and bred in ponds,

Cyclops ouadricornis and Asellus aquaticus have long been ©:
known as intermediate hosts., . ) |

The following list may inform on the hosts established =

The author does not . say where‘ﬁ°l”  !’

~until then and on the geographical distribution'of‘thezparééitef7 »,33f”

Marine fish:

Labrax lupus Intestine Adria?

ngratory fish:

Coregonus oxyrhynchus Intestlne - Greifswald?

Osmerus eperlanus " L : " ?

Salmo salar oon '1 o " ?2

Salmo trutta - oo - GOrz; Lrleste

Anguilla vulgaris ' " ' oWltzerland Bohemla
East Pru881a :

Freshwater fish

Pharyngognathi: 7 Intestine

stomach )

Anacanthini
Physostomi:

1
10

4]
"

n
"

) Europe




Ascarls aculeatl v.LINST. ZSCHOKKE (112) found th%?ifff -l

‘rare para31te only three times in Baltlc Sea salmon I found itﬁonce

in a Weser salmon, unfortunately in a highly damaged condltlon,; fjflél

- the parasite showed only the characteristics requlred for cla831¢¢f]f;

   fication and identification. Von LINSTOW (51) found Aécaris

.. aculeati for the first time in 1884 in Hameln in Gasterosteus

" acuelatus, and has described also embryonic and larval stages of = ...

iiﬁfjthe parasite. The appearance of my specimen which I found coiled”?f

*ﬁ{fﬁp in a capsule in the esophageal.wéll, agrees with that descriptioniﬁ‘f'

We cén only speculate on the way in which the salmon wasﬁfﬁ"
3‘infectéd.‘It might have become infected directly in fresh water;

" on tﬁe other hand, Gasterosteus aculeatus perhaps plays the role"

" . of intermediate host and carrier as in the case of Abothrium crassum;'j

AN

" Ascaris obtusocaudata RUD.TOSH (99) found this;:

. parasite. in a Tweed salmon. It is a typical salmonid parasiteé of  °

- purely potamophilous character. Its hosts are the following:

Migratory fish: . o
" -Salmo salar ~ .. - Stomach - Tweed @ ' -

i Salmo trutta  Stomach, in- . . . o
testine L

Coregonus oxyrhynchus - #ﬁjlf“




'iFreshWater fish:

" - Salmo lacustris - Intestine - -~Lake of Lucerne.
; " Salmo fario Stomach, in- - . . .
. testine - Rennes, Irelan
Coregonus Wartmeannii " . *"7° o7

Unidentifiable nematodes. In the course of thelr:f

parasitological studies of salmon, MCINTOSH (6k) ;. but also \A*f.i;f;: })
ZSCHOKKE (110,112), found nematodes which could not be. 1dent1f1ed

they were either damaged, stunted specimens or completely undevelopedi5ﬂ
individuals. I, too, found often nedatode llke animals the Systematlc; '

" position of which I was unable to establish. Very . frequently I

found strang&y stunted structures between the'pylorlc appendagesm

or in the perltoneum In most cases they were shaped like a club
and often covered with a sheath. After removal of the  cover of
‘connective tissue, a hard, granular mass remalned. I examined thesel,

structures more thoroughly and came to the conclusion that they

- were degenerated and dead nematodes, presumably Ascarls capsularla lég
which had been se strangely transformed by the calcareous concretloﬁs
of ‘the tlssues surroundlng them. McINTOSH had come to a 51m11ar :
_conclusion in his report (64). o

In addition to these caloareous.ooncretioha; nematodeeL;35:7A
enclosed ini cysts in the esophageal wallmwerevfound which Were:
as transparent. as glass‘ had no deflnlte outer or inner characterlstlcs,

were only a few millimetres long, and could not be 1dent1f1ed They




- Vﬁl'what spe01es 1t ‘belonged to; perhaps 1t was Asoarls capsularla

C :By orlgln, they divide into the following .3 groups like the rest

'7i;?the Rhlne salmon.

t,may have been embryonic stages . of some nematodes. o

" from Salmo salar and also depicts it.' We .can only speculate on o

" includes very few Acanthocephala, both numerically and by speciesgta
’ "So far 8 species are known, not counting the questionable and |
 of the salmon parasmtes

‘,salmon."f‘ffi'. T

‘]:Rhlne salmon.{'

The follOW1ng authors, $oo, mentloned unldentlflable

encapsulated nematodes in Salmo salar:

In 1896, ZSCHOKKE (114) reports two ascarid species,

Ascaris spec.I and Ascaris spec.II, without detailed'identifioation\ﬁf

~ and description.,

‘In 190, LINTON (56) brlefly descrlbes a nematode Sp801eS

as already p01nted out by the author. _,f

'(d) Acanthocephala: The parasitic fauna of.the salmon‘\

inaccurately‘desoribed forms mentioned occasionally in literature.

¢

" &l. Marine forms: 2 (2 of whloh paras;tlze themBhlne

ﬁ harlne-potamophllous forms 5 (2 of‘Whioh parasitiseiff:

gr PotamophllGus forms 1 (1 of which parasitizes the .




e

Of the 5 marine-potamophilous parasites, 47infect pre:

dominantly freshwater fish and only one, mchlnorhynchus gadl, pgra-]wli"

sitizes malnly marine fish. Thus the acanthocephh&an fauna of qhe ”iﬁiff

salmon is predomlnantly potamOphllous and only to. a small exteﬂt
marine. o | A." ' ”,_ 'f,_~“ffﬁ:a. '"-1L;fé’ff;

o{. Marine forms: ; ' o AR B A  f.63'

Neorhynchus agilis (RUD.)L. ZSCHOKKE (112,114) found

this species very rarely in the gullet and the esophagus of North ' = .
Sea and Rhine salmon. It is purely marine, 35 the;f0l16Wing.listfﬂ‘i’:
of hosts shows i : )

Marine fish: , ot
Mediterranean, North =~

Selachii: - 1 Intestlne )

Teleostei: .} America (Woadshole)
Acanthopterygii: 6 " Y A
Physostomi.: - 1 " )

Migratory fish: o S

Salmo salar Esophagus and gullet - Rhine, North Sea:

Anguilla vulgaris Intestine . North America

The Zeographical distribution of Neorhynchus agilis isvf

-interesting. The para51te seems to live malnly in the Medlterranean’"

and on the Atlantic coast of North Amerlca. Only mlgratory fish carry

1 The generic name Neorhynchus is to be replaCed by Eorhynchus, _ .
according to VAN CLEAVE (Eorhynchus a proposed name for. Neorhynchus :

HAM, Jour.of Parasit.No. 1,1914), since the first name is already ‘
zelnglused I have refralned from dlscu551ng thlS pomnt here in. o
etai : , : . :




'f!l912 T found a strange acanthocephalan form between the pylorlc f}

'Gf'jappendages of a Rhine salmon caught above Basle, The parasite had~3

ﬁ“r'W1th its orotrudlng proboscis, its body extended free .into the

it further north It has never been observed in the Arctlc zon
and in the Baltlc Sea. | | G

-
‘go

Echlnorhynchus heteracanthis nov,swmec, ln November

attached itself to the connectlve tissue of the anterlor aopendage‘"

‘igjbody cav1ty. It had 'a yellow1sh-wh1te colour.

The only soeclmen I found is female accordlng to my

‘vtg‘flndlngs. The ‘parasite is 12 mm long from the sheath of the prObOSClS

"to the posterlor end, its maximum wmdth of 0. 972 mm is in the kS

anterior. part of the body.

A short, club- shaped proboscms 1s followed by an even shorter -
' | . . -

" neck defined from the proboscis by a weakly lndlcated furrow

A clearly deflnedvfurrow, on the other hand, separates the neck‘
B from the body. The latter is divided into two completely different;
parts which I would like to call anterior and posterior part of7~?:: 6
the body (see Fig.2 in the text). The anterlor part is round at |

fﬁlts ‘ends ad301n1ng the neck, and lt is shaped like a truncated cone. ﬂi !

. Towards the rear it widens constantly and gradually becomes a

bulge whlch on account of its shapeg:pl would 1ike to call rlng-llke

bulge. The anterlor part of the body bears Splnes and conta1nsA795?Y?‘*




1

"the sheath of the proboscis and the lemnlsc1. The round posterloy

-part of the body follows the anterior part dlrectly, W1thout

constriction, but at its origin 1t is after all a- llttle narrower _?ﬁﬂi
than” the ring-like bulge of thé anterior part. It 1ncreases gradually
in circumference from front to rear and terminates shortly truncate.,?7

It contains the genital organs, in my case the female ones.

Fig,2.

Echlnorhynchus heteracanthls nov, Spec.,

r - proboscis, h - neck vk - anterlor part
hk - posterlor part of the body : o

. From the tip to the neck furrow, the prob0801s is 0.738 mm '
long, its maximum W1dth, slightly behind the mlddle is 0, 486 mm.,

It is armed with 18 longitudinal rows of 8 hooksleaoh; The 144__’

hooks ~occupy the ususl quincux . They differ-in size and snapé'so:fgﬁe

that we can dlstlngulsh 3 different types The first.hooks of'eaohj-o
- off . 2
row are slender and p01nted and stand /sllghtly from the body

Their roots are apprOX1mately as long as the hooks bhemselves ;?E;éﬁﬁ.




:‘; These hooks are followed by the longest and shrongest hooksnof.egch
row The latter originate Wlth a broad base from roots which. haEe
" the same W1dth ‘and they are approximately 0.1085 mm long.. The ;oot
‘fils 0. ll78 mm long and not deeply inserted into the skin; the rooto:
:;1s therefore sllghtly longer than the hook itself. The hooks are
“:bstrongly curved 50 that the tips stand parallel to the surface of
%i:the body. These strong hooks are followed by hooks which could be i
“fTCOmpared to Splnes they have no roots ;are hardly curved and stand.
'T§¥off from the body From front to rear the1r length also 1ncreases

ifthe second last’ hook belng the longest but ‘also the most slender

,*fﬁfhook of all; it is 0.0992 mm long. The last hooksof each row are‘bm"

| again-shorterﬂ(0.0713‘mm); they also‘disturb somewhat the normal RO

‘. quincuncial arrangement because they'stand more or less on one line.

- I did not find any canals inside the hooks. Rarely the tipSfﬁ

- are curved outward. They are armed in the same manner in the same

'VT'zone in all longitudinal rows so that we cannot distinguish betweenf* |

yentral and dorsal surface.

The probos01s is followed by the” short unarmed Vconicalffiff;%d

: hth‘neck It is O 306 mm - 1ong.;

N

2;1;w1dth at the rlng llke bulge is O 972 mn. The anterlor part bears

,?jstrange hooks Wthh agaln dlffer in s1ze and shape from each other.

: LfTThey are completely 1mbeddeo 1nto the*bodyiskln Wthh they ralsef‘

..y The anterlor part of the body is 0. 810 mm 1ong, its maxlmum“ Qi




V,,\’/\/}\/]\\ ( Fig.3.

¢ Echinorhynchus heteracanthis HEITZ
. .- Types of hooks-‘a b -~ of the prob0801s 4 e
: . A d - of the anterior part -
\ky@ 4§§ ‘ . .: . - of the body_muw_, S

pinmes TS
cren ”
e
—

s

The shape of the skin lobes differs w1dely In the flrst row tne

lobes are short and bottle-shaped; farther towards the rear we flnd ) 

lobes with approximately the shape of an equilateral trlangle.

Particularlyﬂthose located on the ring-like'bulge resemble scales .~ . .-

of a fir cone. In the front these lobes are at a greater distance e

from each other, while towards the rear they;approach‘each other
so closely that the pattern looks like an accumulation of regular 7

rhombi-,

I tried to count the number ofjtransverse‘rows‘and the .
number of hooks or lobes in one row, but-found it'very‘difficult‘:
on account of the strong contraction of the anterior part of the
body.'There are approximately 22Atransveréé rows Ehe_iastf8‘of |

which are located on the ring-like bulge. The anterior rows have

between 26 and 32, the rows on the bulge approximately'72-80 hooks;

66




»Afjcdthere are no hooks at the end of the posterior part of the body,;gfdfff

'iare more slender than the posterlor ones, Also, ‘the anterlor hooks

',;are 0.0310 mm long. They do not have roots., The vosterior hooks
‘Vldomnot have roots, either, and are shaped llke broad clubs and onlyff;;

‘;vsllghtly curved. Tney are 0,0434 mm: lo

‘d»'not have any more hooks, neither ventrally nor dorsally. Slmllary,

T a sex characterlstlc Wthh is often. encountered in females of

. fspe01eS‘W1th armed body."

it decreases slowly from front to rear, Immediately behind the
'ring-llke bulge it is 0.792 mm wide, in the middle 0.666 mn, -and.
5:shortlyibefore the end only 0.468 mm. | |

that we are dealing with a larval stage, although far advanced.
I will try to describe the animal as accurately as possible from
- the very tranSparent total preparation of the larva ~So that it~

S will be recognlzed in later studies and flnds.

.;ﬁgheteracanthls varlesx 1n dlfferent places In general,,lt 1ncreases.; )
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« The hooks themselves are rather. thlck, polntedly trlangplarﬂigi

”ify'and slightly curved inward, with a blunt tip. The anterior hoo B

are slightly Blnuated towards the inner side near the base, They ffi o

The posterior end of the anterior part of the body doeslt" a‘

The diameter of the round posterior part of the body changes

From the degree of developmentaof all organs we see clearly

The thlckness of the body coverlno of Echlnornynchus




from front to rear, and is greatest on eitherjside of the vaging. .

The body does not show any girdling.

The lacunar system of the body‘conslsts of 2 lOngitudiéeltii",_
branches extending ég;g%s the entire body which are connected W1th.‘3?h
each other by ring canals at a right angle to the body axis. The
two longitudinal canals are connected with the two large, leaf-shaped-h
wrinkled lemnisci which lie on either side of the sheath. of the
proboscis. Their average length being 1;710 mm, they extend beyond
the sheath of the proboscis. The latter is a muscular, double-walledtfn
sac. It ig 1.566 mm long and has a maximum width of 0.414 mm;'h dV/
Inserting in the inner wall of the neck, the sheath extends throughj;:
the neck and the entire anterior part of the body, well into the'in'fff
posterior part of the body. The size of the sheath which conSistsill”
of 2 strong; closely adjoining muscular cylinders;%indicatesVthet\AJ

the entire proboscisscan be retracted into, it, =

. The unpaired Retractor receptaculi is a direct continuationf;;
of the Invaginator rostelli. It leaves the sheath through a crater~‘;fj
like opening of the outer muscular cylinder and extends obliquely ?“:

_towards the body wall as a thlckwlstrong muscular bundle. Here 1t

e T

inserts by the 1nd1v1dual fibre bundles as81mllat1ng 1nto the
longitudinal muscles of the body. The retractor is" approx1mately L.l _

0.954 mm long.

The nervous system is characterlzed by the retlnaculum




g

‘ *3ﬂfthe sheath muscles. This point of exit'is'marked by a slight "=

o ggthe nervous bundle originate which to@ether with the latter formwf'

.'of
which Echinorhynchus heteracanthis seems to" possess only" one.;

%‘13In Splte‘of high magnifications and careful-examlnatlons I havef

"acanthocephalans. 0.250 mm from the posterlor end of the recepta~ ¥

- culum the nervous bundlevfrom.the inside of the sheath»penetratesff‘

Hﬁgwall It 1s 0.810 mm long. From the course of the nerous bundle'ifé

’%'fs1zes.~Presumably these are the rudlments of the development of

'
&
i
%

\':ﬂnot succeeded in finding a second retinaculum like in other . -

_elevation of the muscular walls where the muscle fibres surroundingfk'“L

' ‘the very strong retlnaculum extendlng obllouely towards the body: ff?ﬁiﬁ

‘ nS1de the sheath it seems that the central nervous system lles

in the mlddle or even farther_towards the . front in the sheath.

The posterior part of the body cavity contains the female -

-genital organs which consist of three parts, they are fixed in’
'_thelr p051tlon by the llgamentum suSpensorlum The bell- -ofi:the uterus

‘a?the uterus and the vagina are clearly distinguishable. -

On the ligament approximately O. 306 mm from the bellvof'd ’

the uterus, the rudlments of a 51ngle, large ovarial disc are

. visible. It cons1sts of different cell cluster complexes of varylng

cell clusters from Wthh the eg s are formed T dld not flnd any

:: mature eggs anywhere in the genltal organs

The bell of the uterus is a compllcated structure of several 68

|
|
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large cells. The bell proper is very short and{rinv-shaped It i

followed by the base of the bell which consists of a few 1arge
cells, Above the lateral cells of the base we find the large,

tubular bell pOuches which are swollen to Spherlcal shape at the f.‘ﬂr"

far g
ends and extend/beyond the bell frontward, Inside they are hollow..

Elongated, narrow cells of the base of the bell extend rearward
and combine to form the two narrow oviducts which project_into,the,ﬂ

anteriormost part of the uterus,

The uterus embraces the posterior part of the base oflthea
bell, then tapers off quickly and extends toward the-vagina as-
a thin canal with its lumina close together. The vagina consists
of two unequal parts, namely the well developed sphincters and_'
the glandular_celle lining the vaginal canal. These cells surround
the vagina in varying thickness which is greatest iﬁ front of and.a"
behind the sphincters. The entire structure which consists of |
4 cells with their nuclei lying in the complex behind the'constric-rr
tors, has a secretory function. The glandular cells are encircled
by the 3 Sphincters; the 2 inner ones one behind thelother and
the third one surrounding these two. Together. they-form strong
muscles presumably designeéd tg’;g;eeze the eggs from the vaglna“;:
through the narrow canal The vulva 11es at the end of the posterlor

part of the body and is shaped like a p01nted funnel-shaped

depression.
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'What; then, is the systematic status of this strangely § f"'
~buils parasife and its relation to other marine and potamophiiQ§Szv‘t

B ifish acanthocephalans. We must not take the unilateral development;fim“'

of the nervous system, the retractor of the sheath of the proboscie

.fand of the dvary to be Specific‘or generic characters, for we cannot

,~say from one specimen whether they are abnormal or constant G

'developments.

On account of its armament and its shape, this new

‘Wﬂqffacanthocephalan from Salmo salar closely resembles Corynosoma (LUHE)

'T'zbut dlffers/from that genus in various respects,

- greatly

LUHE (63) mentions three genera with hooks on the anterior’ 69

A . part of the body: Polymorphus, Filicollis and Corynosoma. They
;differ,.however, in structure, armament,inner organisation' and

- 'in their hosts and intermediate hosts,

The new form shares the characteristic of the axial position ~

of the proboscis with Polymorphus and Filicollis. Although in the

Specimen I examined the proboscis and the neck are slightly
oblique, they are .not bent dorsad or ventrad,the typical position

~.for Corynosoma. Only a strong contraction of the muscles 1nf1uencesz“f

the p031t10n of the proboscis. The hooks, too, are dlfPerent from

7 those of Corynosoma and rather resemble those of Polvmorphus and
t”Wlllcollls There are. hooks only on the anterlor part of the body, S

'1and there are ‘none elther on the dorsal or the ventral 31de of the
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posterior pant of the body. ' - - éh

5rphus'

The new species differs,distinctly, however, from Polym

and Filicollis by the structure and the hooks of the proboscis),

and by the shape of the entire body and its hooks. Also, the

two other genera are found only in aquatic birds,

Let us compare this pafasite with other fish acanthocephalans.

It closely resembles Echinorhynchus serrani from Serranus artrarius, a

form introduced by LINTON (55), also Echinorhynchus ennulatus MOLY
(68), but identification is impossible. Poth those species have

many more hooks on the proboscis. The anterior part of the body of

Echinorhynchus

annulatus (= bisulcatus) has a very similar

structure, but
belts. The new

smaller number

its hooks are divided into 2 distinctly separate
acanthocephalan does have places with a considerably' 

of hooks, but we cannot regard these places as a

zone completely free of hooks;

In its outward appearance, with the exception of the hooks

on the préboscis, Echinorhynchus serrani LINT. is very similar to
this salmon parasite. ispecially the hooks on the body as depictedf
by LINTON (55) in Fig.30 resemble those of the new species very  ,"'

closely,

Therefore the new salmon acanthocephalan' cannot be assigned

to either one of the groups‘mentioned, but occupies an intermediate

<

position between the genefa Filicollis or Polymorphus and‘Gdfvhosoma..'




‘*&;3, summer of 1914, I found an acanthocephalan in the parasitic materlal‘;ff

*f‘makes it dlfflcult to establish characteristics on Wthh a new &i

;Vgenus could be based I have refrained from 1ntroduC1ng a new genusf"
occand have callcd the new salmon par381te a representatlve of thejf,

. f;famllyaof Acanthocephala, EchlnorhynChUS heteracanthis nov. Spec. ';

'”:“ﬁfrom the Ru331an Kamtchatka expedltlon Wthh was very similar to

?:the one descrlbed above, In the publmcatlon on the parasites of

1047

. a : .o ‘ _,g"; .
As only one specimen of this new par331te is availble whgchfﬁ70*

Acanthocephale nov.gen., nov.spec., 1914, In the " -

'>;’eSalmon1dae from Kamtchatka (116) it is referred to merely as

Acanthocephalel nov.gen;; nov.spec., from the intestine of Oﬁcorﬁyhchus"

; nerca."‘

‘Already when I examined Echinorhynchus heteracanthis HEITZ'.'

from Salmo salar, I notlced the great 31m113r1ty of the two forms;

therefore I examined the acanthoceohalan from Kamtchatka once more -
very thoroughly As studles of fairly extensive comparative N

material of acanthocephalan Spe01es drew my attention to V&TlOUS\f -1"

* errors madé in prev1ous descriptions of the worm, I would llke to -

Sl
-of Salmonidag from Kamtchatka" (Rev.Suisse Zool.,¥0l.22,1914) the
word Acanthocaphale on page 231 was by mistake printed as if it were

- a new genus. “"his, however, is not' the case. The name was merely _
‘used to signify that a new parasite had been found.(nov.spec.) which

!
Correction: In the publlcatlon by ZSCdOKKE and HEITZ "E ndopara31tes

belonged to Acax*hocephala and presumably was at the same tlme
a specmmen of a Lew genus (nov gen ) e
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yind written communication by Professor M. LUHE is a representative .~

of a new genus. However, I refrain from introducing a new genus'

: for the same reasons as in the case of Echinorhynchus heteracanthis, -

and merely introduce a new species, but this species nova and

Lichinorhynchus heteracanthis are systematically very closely

related.

Echinorhynchus caenoformis nov.spec. Length 6.7 mm;
maximum width 0.756 mm. Short cylindrical proboscis which thickens

slightly in the centre. The proboscis is 0.54 mm long and has a

maximum width of 0.324 mm. 18 longitudinal rows of 6 hooks each of

varying sizes and shapes. The 5 first hooks of each'longitudinal :
row are large and strong. The root is 0,071 mm, the hook itself
0.083 mm long. The latter bends sharply rearward from the root,
is stfaight and pointed, Very thin longitudinal canal inside the
hook. The last hook of each longitudinal row is shorter than the
other hooks (0.0558 mm), has no root,'and stands off from the

surface of the proboscis. Conical short neck.

" The body consists of an anterior part which is pear-éhaped-

!

and has hooks, and of a posterior part which is thinner and round ..

and becomes thinner towards the rear. (In the two spec;mens,'%hé~.‘, 

T 2 T ST L T S P




the anterior part of the body is shortened cons1derably by a

i :stronb contractlon of the body muscles and 1s therefonzswollen ?

oUCh en extent that it extends beyond the posterior part, equally f;iﬁi;

shrunk_on account of the muscle contraction, like a hat). End.of_ r{;uyﬁ

body rounded; without hooks. Hooks only on the anterior part ofi.

" the body, no continuation beyond that, either ventrally or dorsally?;ﬁ;

The'bases of the hooks on the anterior hart of the body are

lon
thlckened into <clubs, and the hooks themselves are 0,456 quand
are termlnally blunt. The skin is raised by the tips of the hooks

formlng scale llke structures. The sheath ‘of the proboscis is .

"‘and neck, and is 0.684 mm long. Retractor of the probosc1s 1nserts
on the top of the proboscis., There are two retractors for the :
sheath of the proboscis, they lie very close together and are

parallel. Only one retinaculum visible.

lon
The sac-like lemnisci are 0.864 mmﬂéad extend beyond the-
- . . c[D*"J
sheath of the proboscis. 2 longitudinal canals -:extending aéress
. _the entire body are connected with each other by ring-shaped

E*;flateral branches and represent the excretory vessel. The llgamentum

5;*1}_ SuSpenSOTlum (1n the previous descrlptlon erroneously called only -
muscular bundle) v1s1ble throughout the entlre body. Genital organs‘:
: *f not recognlzable W1th the exceptlon of the Sphlncters encircling .

'V’aAthe vaglna. At the end lles the vulva (not excretory pore as the‘3£“\

previous descrlptlon'has'lt).

"~ a closed muscular sac with double walls. It inserts between prob0801s o




It lives in the intestine.

Host: Oncorhynchus nerca.

Geographical locality: Kamtchatka.

ﬁ Marlne -potamophilous forms:

107

Echinorhynchus gadi MULL. This acanthocephalan was .

found in Salmo salar from the Rhine, the Tweed and from Eaét

Prussia. The following list gives ilks other hosts and its-geoJ

gfaphical distribution.

Marine fish:

Selachii: L4 Intestine - ) Atlantic Ocean -
Teleostei: ) (European and Ameri- -
Acanthopterygii:18 . " ")} can coasts). o
Anacanthini: 31 " ) North and Baltlc Seas A
Physostomi: 4 " ) ‘
Plectognati: 2 " )
Migratory fish: o
Salmo salar Intestine Baltic Sea, Rhine, Tweed - -

Oncorhynchus nerca " . Eastern Kamtchatka :
Oncorhynchus keta " : " -
Anguilla vulgaris LA - 9

Acipenser sturio " . Kdnigsberg

Freshwater fish:

Esox lucius Intestine ~ Baltic Sea (Gulf of

-: - PFinland) I
Lota vulgaris " Baltic Sea.Scandinavia
"Acerina cernua " Baltic Sea (Gulf of

L Finland)
Leuciscus idus. LA ‘ "

Silurus glanis "
Coregonus lavaretus "

.2 (accordlng to MUHLING) -

Osel Island (Baltlc Sea)
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I shall not deal with the manner 1n which the 6 freshwaqg

? fish were infected with Echinorhynchus gadi, for the developmen%

- of the para31te is still unknown. I would only like to POlnt out

puteSel

| the brackish water reglons of the Baltic Sea. Since the para31te

- is strongly marine, it is not surprising to find it in Salmo salar.%f5f

Echinorhynchus salmonis MULL. FRITSCH (24) found . .

"Vf'thié acanthocephalan in Elbe salmon, TOSH (99) in Tweed salmon;t}“
It is pfedominantly potamophilous and its range of distfibution?i[ﬁ*T.

~includes mainly the countries adjoining the Baltic Sea. R

“-Marlne flSh ,

Gadus morrhua Intestine Baltic Seai(Gulf of -

_ Findand)

Rombus maximus " - n " ‘ o
Z0arces viviparus " " R : B 4
Clupea harengus membras " " n Tt
Pleuronectes flesus n n "

Migratory fish:

Salmo salar " Intestine Baltic Sea, Elbe, Tay
Salmo trutta : " . Baltic Sea (Gulf of
o : Finland)
Osmerus eperlanus : " . " "
Anguilla vulgaris n oo n
.+ Freshwater fish: - ,
oL '~ Acanthopterygii: 1 Intestine ) Baltic Sea (Gulf of
Physostomi: 9 ) Finland. Lake Onega

e T ) (ussda
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All the marine fish mentioned above live in the brackish

water regions of the Baltic Sea where they presumably also infectedfﬁ,:-

~ themselves with the acanthocephalan. Even the migratory fish may -
infect themselves with this parasite in brackish waters. According - )

to SCHNEIDER, Pontoporeia affinis, an amphipod which lives both

in fresh and brackish water, acts as intermediate host. It is likely
that in the North Sea a similar arthropod form acts as intermediate

host and the migratory fish living there, in particﬁlar Salmo salar,

become infected with Echinorhynchus salmonis in the mouth of the

river, in brackish water,

Acanthocephalus lucii (MULL.). This parasite is even

more strongly potamophilous; at the same time this écanthocephalan

is widely distributed among marine and freshwater fish. This is
possible particularly on account of its intermediate host, Asellus  1
aguaticué, which is very common and widely distributed itself. |

' By accidentally swallowing such an arthropod, the Tweed salmon which1

TOSH (99) had once found infected with Acanthocephalus lucii, could

have become infected with that parasite in fresh or brackish water.

Marine fish:

Acanthopterygii: 6 1Intestine ) Atlantic Ocean.
Anacanthini; 6 n ) Mediterranean. North and
Physostomi; 2 " ) Baltic Seas




lds very common 1ﬁ\mar1ne and freshwater fish, is found occa81onally

S also in Salmo salar,/encapsulated in the peritoneum. Very rarely

i _among 170 similar flsh I found ik only twice xm 4 Spec1mens. These?/

© " Migratory fish: RN | | R S

Salmo salar Intestine Tweed
Salmo trutta R Sweden '
Coregonus oxyrhynchus " - ¢ (according to LUHE)

Anguilla vulgaris " . Trieste., Ems, Baltic: Sea

.'lFreshwater fish:

Acanthopterygii: 5 Intestine )
Anacanthini: 1l " )Northern and Central
Physostomi: 22 w )Europe

Pomphorhynchus laevis (Zoegé) This parasite which

‘most ly

it is also found in the intestine as a mature worm; only once
in a Scottish salmon. In Rhine salmon it has always been found in

larval stages.‘ZSCHOKKE (112) found it 4 times in 129 Rhine salmon;ﬁ§ii

Nc

e

. larvae agreed completely w1th“thé-p1cture descrlbed by HAMANN for

:1 Pomphorhynchus laevis, and_the-most advanced acanthocephalan had - - :

~almost exactly the same appearance as HAMANN depicted for the

"larva of Phoxinus laevis. Therefore it is not necessary to give

any morphological details here,

As KOEHLER (45) has demonstrated, encapsulated Pomphor-

:rhynchus laevis often die if they cannot develop further. ZSCHOKKE
. has shown that the acanthocephalans which encapsulated in the |

,Salmon, have‘the-same fate (112). This iS the same phenomenon we i"‘w.
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have encountered frequently in cestodes (Coenomorphus grossus)

Y

in nematodes (Ascaris capsularia). o S

i

(fall acanthocephalans, we probably know most about the
mode of life of Pomphorhynchus laevis. I refer here in partiéular-~“

to the studies by HAMANN (33,34), ZSCHOKKE (113) and FEHIMANN (23}).

F l_.h Q i : 3¢
Salmo salar is known as maim and as intermediate host,

both in the Rhine and in Scottish rivers. It is difficult to say

how the fish bepome infected in either case. A few speculations shall

be discussed here; for further details, reference should bé made .

to the biological-faunistic part,

In the Rhine, HERMANN (37) and HOEK (40) found Pompho- ~ 75

rhynchus laevis as mature worms in young salmon descending to the
sea. Would it not be possible for young salmon to infeét themselves
with eggs? From‘those eggs the embryos hatch which attach them- -
selves soﬁewhere in the bbdy cavity, encapsulate themselves, and N
stay there throughout descent add ascent and the stay of the fishf }q'

in the sea,

Here again certain Gasterosteus species, which are known |

to act as hosts and intermediate hosts of Pomphorhynchus laevis,

might play a part,

Occasionally Pomphorhynchus laevis was observed in marine -

fish, a fact which is very strange and which ZSCHQKKE (112) thérefore




" “]predators may easily become infected with the parasite by feeding  f

' the marine trouﬁf

s ffega£déd thh gréat suspicion. %t would be possible to explainf
:'the dccurrence of the‘parasite‘in marine fish, particularly in -
fﬂ_predatory coastal fish, by its wide geographical distribution andi7.
.the large number of p0351b111t1es for infection. Accordlng to -

a helpful communication by Professor Dr. ZSCHOKKE, Pomphyorhynchusfffafg

 laevis also occurs as a rare guest in dolphins. These voracious ..

on migratory fish, in particular on the larva-carrying salmon,and7”

-
e

The folloW1ng list prov1des 1nformat10n on its hosts and i

Hffits dlstrlbutlon.

. Marine fish:

Acanthopterygii: 8 Intestine ) Baltic bea North Sea.~q._-,\
Anacanthini: 7 " ) Atlantic Ocean T
Physostomi : 2 " ) (American coast)

" Migratory fish:

‘ Salmo salar: = = Intestine: also Tweed, Rhine, White

. encapsulated - Sea? .

Salmo trutta Intestine - 2 (according to LUHE)
Osmerus eperlanus - = " . 2 (according to PFEILER)
Alosa vulgaris R n O Memel .
Anguilla vulgaris = " T - Wurttemberg
Acipenser sturio " o - Baltic Sea Upper Italy
Acipenser huso " 3 . _
Acipenser ruthenus "o S j? '

Freshwater fish: '
Acanthopterygii: 5  Intestine

. Anacanthini: 1 v 1-92 Europe
Physostomi: . 39 LA ?)
Mammals: - '\':'L' v T T,

 Dolphins =~ . - S - according to ZSCHOKKE

R TR
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Echinorhynchus truttae SCHRANK It is still very {g

doubtful whether this parasite belongs to the parasitic fauna

of Salmo salar, for the reports on salmon infected with it are

rather uncertain. Once, in the Vienna--Helminthic Collectwon, it is

reported to have beenwfound in salmon, and HERING (36) mentions

it a second time from salmon in his "Parasitic fauna of Wurttemberg".

More accurate morphological details and détails on the origin of :

the infected salmon are lacking.

There are also only a few data on its occurrence in other

fish:

Marine fish: =~

Opsanus tau. Intestine - North America (Atlantic coast)

Salmo erythraeus? " Bering Islands

Migratory fish:

Salmo salar . Intestine Neckar? Vlenna? : ”,;5
Salmo trutta n Prussia T

Freshwater fish:

Thymallus vulgaris Intestine GO6ttingen, Vienna
Salmo fario " Prussia

It is also impossible to say from the available information
whether the parasite is predominantly marine or potamophilous.
Therefore we cannot make any statements on the place and manner

of infection of Salmo salar.

MUHLING (72) includes also Echinorhynchus truttae in his

list of parasites of Salmo salar. This seems to have been a mistake




" acanthocephalan once in a Dutch salmon. From the locality it seems e

‘fj.; geographical distribution:

‘for both in the text of his report and in its many quotations from

 NEUMANN thlS acanthocephalan is not once mentloned as having been”'

| “found in’ Salmo salar. Thus this paraS1te should be deleted from

 the list of parasites of East Prussian salmon.

o iu gqtamqghllous forms:

Neorhynchus rutili (ZED,). ZSCHOKKE (114) found thls

" that the flSh was infected with the purelytpotamophilous paraS1te.wt_w~,
in'the mouth of the river, similar to the frogs of Pillau on Whiéhﬂff

. MUHLING reports (72). The following list shows its hosts and its 77

Migratory fish:

Sadmo salar . Intestine Iower Rhine
Salmo trutta’ . " Sweden

Anguilla vulgaris . W - Finland, Lake of Lucerne

~ Freshwater fish: , : ‘

~ Acanthopterygii: 4 Intestine ) Region of Baltic Sea.
Anacanthini: 1 ) Sweden. Northern Gegrmany.
Physostomi: 2, . ) Switzerland, Turkestan

| The occurrence of Neorhynchus rutili in the frogs of Pillau

~and in the stomach of Emys orbicularis must be regarded as pseudo~

paraS1tlsm. Its W1de dlstrlbutlon and the fact that f.of all salmon'ﬁ

are :
para81tes 1t has the highest northward range is of great geographlcal;g

interest Neorhynchus rutlll is found frequently in the Lake of
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" Lucerne; in the Lake of Davos (1,560 m above sea level) I found

the Issyk-Kul Lake (1,615 m above sea level).

OLSSON (79) mentioned LeuciscﬁsARhoxinus, VILLOT (101) |
the larva of Sialis (niger) flavilatera)as intermediate host. Neghelis.'

octoculata and Limnaea are also reported to be intermediate hosts.,

Uncertain acanthocephalan Species; In 1777, O.F.MULLER

reported that he had found Echinorhynchus specimens in salmon.

He did not give any details on his find and its locality. It appears'
from publications by later authors like GOEZE, ZEDER, RUDOLPHI and -
WESTRUMB that those acanthocephalans from salmon weye-presumably

identical with Pomvhorhynchus laevis (ZOEGA).

In 1902, SCHNEIDER (90) examined several fish from the
Finnish reef belt for their parasitic fauna. In the intestine ‘of a .

salmon he found, in addition to specimens of Abothrium crassum, an

acanthocephalan larva which according to his findings had entered
the salmon by the latter's feeding on a "Strémling” (translator's

note: no equivalent was found for this German word; it is a kind of

small herring in the Baltic) (Clupea harengus membfas). Morphological'

details are lacking.

In his list of salmon parasites published in 1872, HERING (36)

mentions not only Echinorhynchus truttae, but also another




- _acanthocephalancwhich he'allegedly found in the intestine of a

"}f'cristatus and Triton punctatus.

'salmon. He identified it as Echinorhynchus Anthuris (DUJ.), but
c~had’grave doubts about it himself because the specific name is

- followed by a question mark and that in turn by the name of the fa

- host¥typical for that par;;ZEEQZ;—bracket§¥(Trltogy According to Loge

z‘c'DUJARDINS (20), that parasitic species is known only from Triton :

In order to avoid possible errors, brief reference shall-ff

" be made to the following Echinorhynchus Spe01es appearing in the s

o llterature ‘on salmon parasites:

? nodulosus RUD, 1809/10 (87). WARD (103) put the geneficifgiﬁif

' name Echinorhynchus in front of ‘the question mark.

as ANAEE :

Echinorhynchus nodulosus’ RUD nec WARD is synonymous W1th.{§eﬁ"3 

. Pomphorhynchus laevis (ZOEGA).

Echinorhynchus inflatus RUD. 1809/10 (87) is_synonymous_seif Q

- with Echinorhynchus salmonis (see in McINTOSH - 64 - 1863).

Echinorhynchus fusiformis RUD. 1819 is synonymous with

" " Echinorhynchus truttae.

Echinorhynchus salmonum RUD. 1819 (88) is the Collectlvea'“"'*“}

- name for several questionable Echlnorhynchus species whlch were

”7fe abolished later because they were synonymous with PomphorhynchusAif:fcﬁ

| léevis'(ZOEGA). Therefore Echinorhynchus salmonumeRUD; is also -




synonymous with Pomphorhynchus laevis (ZOEGA).

(e) Parasites from American and Asiatic saimen:rSince’in7 fiﬁ<f?~
the faunistic;biological part frequent reference will be made to -
parasites from American and Asiatic Salmbnidae I shall give a~”
brief systematic description of those Spe01es which have not already

been discussed in the previous chapters of the systematic part. . efﬁfﬁ“

Unfortunately, reports on the occurrence of trematodeS'in;fﬁfﬁ%Qa
Pacific Salmonidae are very scarce. According to WARD.(lOB),
C. RUTTER examined 200 young salmon in fresh water. In 31 Spe01mens
parasites were found which belonged to 2 or 3 Spe01es From the

short diagnosis given by RITTER, WARD assumes that they were cestodes

“and trematodes.

As the material referred to above and the reports on it - jf;zg

are very uncertain, I shall not discuss them any further.

Azygia sebagolWARD.'Withtnegard to its appearance

and its systematic classification, this trematode which parasitizesl"'

Salmo_salar sebago has its parallel in the European Spe01es Azxg

tereticollis (RUD ). It is purely potamophllous and seems to

parasitize various freshwater flSh from the North Amerlcan lakes.




e.AWARD-found it in the following hosts:

‘”“3to Azygla sebago. ThlS would add the folloW1ng three hosts to the.';

.  abOVe llSt for Azygia sebago

,7: by WARD (103) They were presumably Abothrium crassum (BLOCH).
hfﬁf;fﬁfintestinal parasites, but names and details are lackiné.

_7cestodes some of whlch have become known from European ‘salmon, %mw@; ”ﬂe!

s us

K - Migratory fish:

Anguilla chrysopa  Stomach . )
- Osmerus mordax.? Esophagus and stomach ) _
S . . ) R
 » Freshwater fish: ) Lake Sebago .Ul
~_Salmo salar sebago Stomach ; (North“Amer}ca)G;
Esox reticulatus .o E | ')3 W

Perca flavescens’ .ooon

According to WARD'(lOB) the trematodes identified as Azzg ‘ri}

';i7tereticollis by STAFFAED (95) do not belong to that Spec1es, but

,”ai‘Esox'lucius Gullet, esophagus and ) _ R
- . stomach ) ) .Canada (Montreal) - ..
%> Lota maculosa v ") : N
Ameiurus nigricans ¥ - - " .M ) .

(2) Cesto Q._a

I have already mentioned RUTTER's finds which were publlshed -

When describing the life cycle of'the Alaska salmon V

(Oncorhynchus nerca), BEAN, too, reports the occurrence of numeroos?ﬁ’f
L L

On the basis of abundant material, ZSCHOKKE and HEITZ'(llG)‘

report para31tes from various salmonid species, among them also :: i
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and some of which are not found among those parasites,

Pelichnibothrium caudatum ZSCHOKKE, Thé larval fqrmiflwm
of a cestode still unknown in its mature stage and called S

Pelichnibothrium caudatum by ZSCHOKKE (116) is frequentiy found ih

large numbers in the intestine of Oncorhynchus tschawytscha, O.nercafi
and O.keta. This worm is purely marine, Presumablylit develops intéff;J;

" the mature worm only in the large predatory fish of the sea.‘Thef3 'f’?”

above-mentioned Oncorhynchus species are therefore only intermediate - -

" e penstress
e e PSS
S

hosts. | o T T

Bothriocephalan larvae., Similar to Salmo salar, which: :

acts as intermediate host for various. parasites, carrying their

larvae, the Oncorhynchus species, too, seem to carry larvae.

Pelichnibothrium has already been mentioned. Apart from that paraSité,"'

bothriocephalid larvae were also found in Oncorhynchus nerca which,'

however, could not be identified.

Sparganum sebago, larva, I,II WARD. These 2

Bothriocephalid larvae were found in 2 salmon from Lake Sebago,
the smaller form in the spleen, the larger form free in the body’;ii'
cavity. Other intermediate hosts, hosts or developmental stages

are unknown. No biological or faunistic details are available,




Proteocephalus pusillus WARD. This cestode, foUndff;

. .7 by WARD (103) in the intestine of Salmo salar sebago, belongs to T

- the large group of parasitessof Proteocaphalidae which mostly .

‘parasitizé'freshwater fish. In addition to mature individuals,'- _
WARD also found two larval forms which can be regarded as'developmenﬁaia

'»7stages of Proteocephalus pusillus. A third larva was very similar"

to the two above-mentioned ones, too, but WARD could not make up

’ hlS mlnd to identify it with the others,

WARD's pupil, LA RUE, published‘a detailed, comprehensive e

paper in 1914 on all members of Proteocephaiidae known until then. R

He not only mentions Salmo salar sebago as a host of Proteocephalus'

usillus, but also Cristivomer namaycush (WALB.), a trout species -

from Lake Temagani (Ontario) This makes the parasite an.exclusive
salmonid parasmte of purely potamophilous character, a fact which .81

already WARD had stressed in his paper.

In Salmo salar sebago, the parasite lives in the esophagus

~-and the intestine, in Cristivomer namaycush, in the intestine and

.the pyloric appendages,

Nematode A and nematode B WARD. 'In Salmo salar sebago,

":'p.WARD (103)and one of his pupils found 2 hematode forms which. were

>>called Nematode A and Nematode B. Nematode B, which lives in the




body cav1ty and systematically belongs to the ;1lar1a seems to he

C o

a marine Spec1es for WARD found it very frequently also 1n

/)

Oncorhynchus nerca. Unfortunately we do not have. any morphologioa133

details on these nematodes Nematode A, which was found partly 1n f
the stomach, partly in the body cavity, seems to be 1dentical withﬁé

Nematode B; therefore it presumably/also a marine parasite. S

How these two species entered the salmon from Lake Sebago
Wthh usually is infected only by potamophilous paras1tes I cannot

say because I do not know the hydrographic condltions of the lake,

Henneguya zschokkei GURL. This parasite was found"°:f"*

underneath the skin of Oncorhynchus keta and Oncorhynchus kisutch iniiv
East Kamtchatka. Further details on its distribution and occurrencefffn

may be found elsewhere (116). It is a typical, purely potamophilousfr3

parasite of Salmonidae from various Swiss lakes, lakes of Finland/;'_.;'

and Western Russia, and recently also from Kamtchatka.;'

3. Ectoparasites

Very rarely have ectopara81tes been found on Salmo salar,,*“

and observations on them are therefore scarce and 1ncomplete. e

The number of Species is small and of partly marine, partly




" one medium to the other in order to rid themselves from the1r  ‘

.:‘ﬂf‘ torturers, they clean: themselves of_their_para31tes.

‘?widely dlstrlbuted and known as parasite of many freshwater fish.

SR
“%&‘an exception also attacked the Elbe salmon. According to a report

IM
v

I -]

gt

| potamophllous orlgin When . changlng the medlum, the mlgratory flgh[
3‘

lose e1ther one or the other. Earlier authors wanted to use this

f

' 'very fact to explaln the mlgratlon of salmon: salmon migrated fro

"Tf(a) Hirudinea

Piscicola geometra LIN. This ectoparasite is Very’wf

-FRITSCH (R4) reports as early as in 1894 that the fish leech as'.f

~in the "Flscherelzeltung" 1905 (22), Baltic Sea salmon are also

 infected by these bloodsuckers, often so severdy that they die from-;tv:

‘ﬁ>their injuries. I never found this parasite.

It lives in the body skin (particularly near the dorsal

-:fin) and in the gills. .

/

Cystobranchus respirans Trosch. This parasite is
rarer than the above<mentioned ectoparasite. On Rhine salmon it has’

been found only twioe,'once by ZSCHOKKE in 1889 (the find was not

published then) and a second time by HOEK (40) in 1899, According Aﬁf C

' to.HOEK,_this‘purelY potamophilous parasitesiattackstboth old andlff_fl”

" On Rhlne salmon it was found by ZSCHOKKE (114) only in 1896, while ;#f»;,




i

- young salmon. From the reports of various authors it seems that ;Q:ﬁ?7"

the range of distribution of Cystobranchus respirans is limited to f}§g[

the Rhine and its tributaries,
the Sieg river, Nagold river (Neékar)
land).
KESSLER (91). the parasite also llves in Lake Onega, .

It may also be mentioned here that according to reports by

The parasitéhives on the body skin, preferably,,however;jj?

at the origin of the fins,

Finds are reported from the Rhine, .

and the Sihl river (Switzeriiff 

(b) Copepods

Lepeophtheirus Strémii BAIRD. McINTOSH (64) found ~

this ectoparasite on the adipose fin, the origin of the caudal fin;."

- at the margin of the eye sockets and on the gills of young salmon -
descending to the sea. It is an interesting fact that he found -

more male (4) than female (3) 1nd1viduals, as usually the QpDOSlte

ream R BT
PO e

is true of parasitic copepods.

Salmo salar and Salmo trutta are the only fish known to be

infected with Lepeophtheirus Strémii. The fact that the parasite

L pfefers young salmon may indicate that its gharactef'is‘mainly

potamophilous, although the family Caligidae,

Strémii belongs, is rather marine,

 §2

to which Lepeophtheirus -

‘Lernaeopoda salmonea LIN. This parasite,~found for f3 ‘
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the first time in Salmo salar in 1751, sucks on the gills. It ha§

never been observed on Rhine salmon. FRITSCH (R4), however, repo}ts

that fishermen found this parasite twice on sabmon unfortunately, jﬁ**‘

we do not know whether on Elbe or Baltic Sea salmon. The 1atter_f'

seems to be more likely because the first find was on a Swedish salmon .

-which surely came from the Baltic Sea; also, WEGENER reports R

two individuals found in Kdnigsberg. Therefore the range. of .

| distribution of this parasite would be limited to the Baltic Sea._:ff

~ Salmo salvelinus is also mentioned as host of this parasite.

Lernaepoda carpionis KRAEY, This parasite, found on B

the gills of Salmo salar from Greenland and Iceland, also belongs

to the genus Lernaeopoda. I have no further details on the locality. |

This Spe01es, similar to the preceding one, is presumably marine.“'

Argulus coregoni THORELL. This copepod, belonging

| to the Branchiura, often parasitiees, according to FRITSCH (24),

salmon from the Elbe and Moldavia. Of purely potamophilous character,:rn

Argulus coregonus frequently attacks in large numbers the salmon

ascending from the sea in late summer. FRITSCH, for instance, found
once a salmon to which more than 60 Specimehs of this fish louse

were attached,

Argulus coregoni clings to the fins, occasionally also to‘r




125 -

z‘ . . ) ) e
¥ K

the body. In addition to Salmo salar, it also parasitizes whiteﬂgsh;f'e-

graylings and trout.

According to BEAN and RUTTER (103), the Oncorhynchus. "F:SA

F\awmg
species in the vast rivers f£falling into the Pacific Ocean are

also infected with parasitic copepods, BEAN reports that Oncorhynchus

nerca is often more or less "covered". RUTTER found the gills of

Oncorhynchus tschawytscha infected with such para31tes. The remark'"

"in fresh water" indicates parasites with potamophilous habitat

which attack Oncorhynchus species only in fresh water, similar te' ?;w'

Argulus.

For completion's sake, one, and to my knowledge the only

.. serjous fish disease to affllct salmon, may be mentioned here.

Frequently, in particular in the years 1877-1882, a fish
disease was observed in the English and Scottish rivers which caused

serious damage to the salmon in those'rivers. It is known as

salmon pest and it is caused by Bacillus Salmonis pestis which was,.

~discovered by PATTERSON.

‘For further details on this disease, reference can be made 3;‘

to the publlcatlon by HOFER (42) on fish diseases, -




ITI. Comparative faunistic part

1. Rhine salmon and its parasitic fauna

From the chronicle of research into salmon parasites we see .

that Rhine salmon has repeatedly been the subject of various

biological, physiological and especially parasitological studies}

To make this review as complete as possibie, I would like to"precede }

the results of my own studies by a list of all parasitological

‘flnds made in Rhine salmon in the course._of - almost~150 years,” ‘
s — 5} .ein a young salmon.

Tea. 1770. Heryasy (37): 1¢l:(ﬂu:/':J:x¢/uu salmopis in cinem Salmlig.
1279, Burocu (10): Tacnia crassa (== Abothrium crassum). )
1781, PanLas (82) Taenia tetra gonoceps (= Abothrium crassum). !
1782, Hunvaxy (37): Veeoffenllichung seiner wm das Jahe 1770 gemachion IPU_bllcatlon of his flndS
Funde: Echinorhynchos salmonis (= Pomphorhynchus laceis). imade at approx. 1770

1885. Prexaxt (84): Filaria plscmtu (= «lscaris capsularia) (Moscllachs), _’xlqoselle salmon

1872, HeriNg (36): Derogenes caricus; Abothrium erasswm; Aseuets capsularin; ;

aus Neckarkachsen gesammell). - . - Neckar salmon)

1889. Zscuokke (110):  Derogencs varicus, Distonum  reflexum, Distomum

' Miescheri; dAbothrium erassum, Botheiocephalus spec., Coenomorphus
grossus, Tetrarhynchus palcarmn, Asearts copsularia, Ascaris clavatay .
Echinorhynchus spee.

1891. Zscuokkg (112): Derogenes varicus, Distomum  reflexum, Distowwne
Micscheri; Schistocephalus  gasterostel, Abothrinm  crussum, Bothrio-
ecephalus osmeri, Bothriocephalus spee. I, II (larva), Treirarhynchs
paleaceus, Cocnomorphus grossus, Tetrarhynchus quadriroestris; dscaris
adunca, Asc. angulata, :Asc. cavata, Asc. capswlaria, dsc. conununis;
Echinorhynchus  gadi, Neorhynchus agilis, Pamphorhynchus  laepis.

Unerwithnt geblichen: Cystobranchus _respirans, . . d ti d
1896, Zscuokre (114): Abothrium eccassum, Coznomorphus mressus, Bothrio- >Remained unmentioned:

cephalenlurcen; Brachyphallus erenatus?; Ascaris adunca, Ase, spee. Cystobranchus r_espirans
I und 11, dscaris capsulariv; Echinorhynchus spee., \Cllr]lJIlL]l(la ' , B

agilis, Ncorhynchus rutili; Piscicola geomctra. b j ' -
1897, Havsmanxy (83): Derogenes varicus, Distonuan reflecun, Bfracluplmllus ) o
: crenatus (= Distomum appendiculatum (= Dist. ocreatum). !
1899, Horx (39): .lscoris clacatay Pomp/mrhynclms lacvis?; CJ*luIlrnnchus i

; respirans (in Holland gesammlt).

(collected in Holland)

- e i iy

s

Echinorhynchus truttae,  Echinorhynchus  Awhuris?  (walwscheinlich (presumably collected from




Already these few data show that the Rhine salmon has'anffffl§§f

unusually rich parasitic fauna.

In order to prevent confusion of the following, Ilwxll g;*ﬂ35 »r
make a few brief remarks, criticizing and clarifying the above-lﬁ{ff}[wq

mentioned finds, in particular those by ZSCHOKKE.

The finds made before 1889 are not taken into consideratibn{;; 
in the following discussion and particularly in the statistical.  i 
sumnaries. T have also disregarded those by HAUSMANN (35) because |
they are too restricted (ohly trematodes). Those by ZSCHOKKE Whichﬂ ,5 ‘
that author made in Baltic Sea and North Sea salmon, will be Specialiyf

discussed in the second division of the comparative part.

Therefore only ZSCHOKKE's finds from Rhine salmon in 1889, _J;
1891 and 1896 remain. I would like to make it quite clear that o
all parasitic species reported by ZSCHOKKE in 1889, are included
in his paper published in 1891. In order to aVOid'e;rors we must
therefore remember that the 45 salmon examined in 1889 are included'f
in the 129 salmon from 1891. 8 specimens from 1896 are to be added o
to those 129, and thereby we arrive at a total number of 137 of :
Rhine salmon examined. The infection percentages in Table II refer - -

to these 137 and not to the 129 (as in Table I by ZSCHOKKE, 1891).

Various points in the lists of pafasites ébmpiled by ZSCHOKKE . -

have to be clarified., In 1891 he enumerates 33 forms on the basis h
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of his own and other authors! finds. Of those, however, Bothriocephalue"

cordiceps LEIDY which was only included by mistake, must be deletea,;jfe{'

’mlelso, Leuckartia spec.MONIEZ must be removed from the list as

"synonymoue with Abothrium crassum (BLOCH), Tetrarhynchus solidus

" "DRUM.)} as synonymous with Coenomorphus (Tetrarhynchus) grossus (RUD.),
\

| Qig'Distomum appendiculatum RUD. as synonymous with Distomum ocreatum RUD.;;‘

- j»*&nd the two latter species as synonymous with Brachyphallus crenatusfffd

"'A(RUD.), or, rather, they must be repleced by the correct specific
--{names. Thereby the list ‘of 1891 shrinks to 29 species. In 1896 it

'A:is extended to include 37 species by including Scolex pleuronectis

MULL., Bothriocephalan larvae ZSCHOKKE 1896, Tetrarhynchus spec.

Y 2SOHOKKE 1896, Ascaris spec.I and II ZSCHOKKE 1896, Neorhynchus rutili

(MﬁLL.),VEchinorhynehus SpeC.AZSCHOKKE 1896 and Piscicola geometra‘*e'§§

LIN. as new salmon parasites,

The list.of'parasites for the Rhine salmon is naturally

shorter than the list for all salmon. In 1896, it comprises only

26 species (20 species of 1891,excluding Tetrarhynchus solidus DRUM,

as synonymous with Coenomorphus ‘(Tetrarhynchus) grossus (RUD.), and

~including the ectoparasite Cystobranchus respirans TROSCH Whlch had, fﬁ

vat that tlme been left unmentloned ~also QQ‘Spe01es of 1896) .

In the course of my para51tologlcal studles "I found a

1arge‘number_of_paras1tes already known from.salmon, gnd on andiinfif‘
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Table II°

§oe |
% Ao o ve
l PRADSSLL S i y
: N e —A e ‘
Darasiton; Bewohnte Orcane: von e i o
parasites Organs where they lived mgier | |
1. Derageres caricus (;‘,IEI.L.). Osophag, > muesophagus Stomach 64 : 37.64 14,59 NS5
L8 Brachyphelins crenatus (Rupl). (Jsophag, Magen. 9 : 539 3.6% 33
3. Lecithaster gibbosus (Rud.). Osophag, Magen, Dar m' 1ntest1ne 2.1 147 — | 2
© 4L Distomwm Miescheri ZSCHOKKE. O\op‘ldg, Magen. esophagus Stoma Ch 3 1,75 2,19 3
5, Crepidostomun farionts (MUnL.). Darm. :mtestlne 1 0,39 — 1
" 6. Azygie tereticollls (RuD.). .\Ingon.stOmaCh 1 0,59 — 1 T
T g, Abothrivsy erassum (Brocu). | Appendices pyloricae, Darm. 99 58,23 43,79 252
i 8. Tetrarhynchus quadrirostris (Gze.). Ran Leber, Peritoneum, Osophag- und Darm\\and .
i . . zwischen den Append. pyl. 12 T 2,05 8,02 16 I
1% 9. Tetrerhynchus erinaceus v. Bex. 37w, & Append. pylor.; eingekaps. 1.d.Osophagwand. 2 1,17 — 2
40, Cocnommorphus grossus (Rup.). | Y wwisch. den Append. pylor.; an Leber, Pcutoncum 5 2,91 . 5,64 5
s _?‘etraboziw[;zm apee. Hrerrz, “\ rim Enddarm. 1 0,59 — i
* 12, Seolex pleuronectis NGLL. . bin Append. pylor. 1. 0,59 — T
' N ) . . .
13." Asceris capsuleria RuD. \ §7an Leber, Peritoncum, Darmwand, Append. pyl
\ O\ophqn (meist cingekapselt). 140 82,33 72,26 534
14. Adsceris adunce Rup. : \ 8 Cxonmg, Magen; seltener im Darm. 9 . 5,39 219 1186
15, Unlastxm nlw-n ébxi'xtod« mn “Tmcxst in verkaliclen Cysten im Peritoncum und o . _
t,&%@% 1 zwischien den Append. pylor. 12 7.05 1,45 13
- 16, Ponzp}zorlzymhvta leevis (Zo®GA),. .Ifoauﬂcn an Append. pylor. und Darm. 4 2,35 2,91 5
13, Echinorhyachus heteracenthisHstrz |} zwischen den Append. pylor. 1 0,59 | — 1
“Fir den Rheinlachs neu. E} . - . Anzalll der -in 170 Rheinlachsen” ‘
New for Rhlne salmonlep ‘ Co I Numb erSTSReEn SaRiou st L

howmmany infected of 170?

',(

to ZSCHOKKE

B - how many % 1nfected of 13?
s accordlng

parasy -
found in 170 Rhine salmon: :

1481

C - number of-paraSztes

" pyloric appendages,

intestine
on liver, peritoneum, eosphageal and

"1ntest1na1 walls; between nylorlc

appendages l

- between pyloric appendages; encapsu-

lated in esophageal wall
between pyloric appendages;on 11ver

: perltoneum

in terminal 1ntest1ne

- in pyloric appendages

-

: iO;;_ou531de on pyloric anpenaages and‘

'711t5_between pylorlc appendages

- on llver peripneun, inteStinal
wall, pylorlc appendages, esophagus
"(mostly encapsulated) :
- esophagus, stomach; more rarely
in intestine "
- mostly in calcafified cysts in
peritoneum and between pylorlc'
appendages =

62T

- intestine




the same orgéns, in approximately the same numbgrs and frequency
as ZSCHOKKE did before; There were only a few species I did not $ '51'
'find, but they were parasites which occur in salmon very rarely; o
.some of them had even been found in salmon only once. These forms.
presumably are purely accidentél guests., In their place I found |
 parasites some of which were known from other hosts, but new forifﬁba

salmon, others of which had never been encountered before in salmon .

or any other animal., Their occurrence in Salmo salar seems acci-

dental, too, for nobbdy will deny that such purely potamophilous

forms as Crepidostomum farionis and Azygia tereticollis do not

4”belong to the parasitic fauna of salmon.

Table II summarizes all parasites i»found in Rhine salmon,
their occurrence and the organs in which they were found. Table III
reviews the number, name,and stypé:s of origin of all parasites

so far known from salmon.

Of the species listed in Table III, only 8 are found

frequently in Rhine salmon, namely Derogenes varicus, Brachyphallus

crenatus, Abothrium crassum, Tetrarhynchus paleaceus, Tetrarhynchus

‘Quadrirostris, Coenomorphus grossus, Ascaris capsularia, and Ascaris

adunca. All others were found rarely, some of them only once.

Of the 8 parasitic species listed as frequent, only 3 can

be found always and in greater.or‘smaller numbers both in Rhine
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salmon and in salmon from other rivers. We see from Table II thatfw’f

Derogenes varicus, Abothrium crassum and Ascaris capsulara 1nfecg

a large percentage of Rhine salmon. Ascaris capsularla istmost

frequent. Less frequently salmon are infected by the typical fresh-v *1'

water and salmonid paras1te Abothrlum crassum. Rarely more than

10 specimens are found; mostly there are only 2-4. ‘I, at least, have
never found as strong an infection as reported by ZSCHOKKE (112)‘ f 
and also SCHNEIDER (90,91). Derogenes varicus, the last of the three;ﬁ

" parasites mentioned previously, is least frequent with regard tolj777T
the number of infected salmon, butiit by far exceeds the others .
with regard to the number of specimens found in one salmon. 20 to o
30, even more than 50 specimens of this species in one salmon stomach;{:
were not uncommon. Several times many_more than 100 individuals o
of this trematode were collected. They werermostly embedded in the?igff
esophageal and géstric mucus. Sometimes the esophagus and stomach;lr”
in particular the ;uoCTiC pouch, were veritable foci of.t;ematode
infection. | |

‘.

~Miescheri, Ascarls adunca, Coenomorphus grossus and Tetrarhynchus'

quadrirostris were always found only in small numbers, the first

two in the stomach, the last two in the body cavity. Scolex pleuro-ﬁiﬁf

nectis, Tetrarhynchus erinaceus, Lecithaster glbbosus, szgla

tereticollis and Crepldostomum farionls were found in Rhlne salmon

The other parasitic species are vefy rare in salmon. Dlstomum ;'
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are completely new parasitic species,

If we look more closely at this varied, numerous parasitic;fT"
population which 1nfects Rhine salmon to a greater or lesser degregjg;
it is strlklng how the marine element dominates., Table III summa-
rizes the results obtained in the systematic part in order to

confirm the preceding sentence,

- The marine character of the parasitic fauna of Rhine salmon :
is obvious, for of the 35 parasites 13 are purely marine, 6 pota-‘
 mophilous, and 6 marine-potamophilous; 10 species are of slightly

uncertain origin (Distomum Miescheri, Bothriocephalus spec. I and II,

bothriocephalan larvae 1896, Tetrarhynchus spec.,Tetrabothrium spec.,

Ascaris spec.I and II, Echinorhynchus spec,, Echinorhynchus hetera-

canthis). Perhaps they belong tb the marine group, at least Distomum- 90

- Miescheri, Tetrarhynchus spec., Tetrabothrium spec. and Echinorhynchus

heteracanthis, for these are closely related to forms of purely

‘marine character.

The 6 purely potamophilous parasites are Azygia tereticollis, 91

Crepidostomum farionis, Abothrium crassum, Neorhynchus rutili,

Pisciola geometra and Cystobranchus respirans. The last two belbng

to those ectoparasites which attack freshwater fish of various species
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Table III.List of Rhine salmon parasiteé

. m? | 1.
j Parvasiten: o -\‘fléc?r- \\‘."tlr)\d?ox‘- \\ﬁ\i.:ffz}. to- [
! Parasites . l‘%' fischen | Tisghen [HATNCE) Lal i
; : - .w.\_./..:D..... .AE.. ’ O
Ff, O Derogenes varicus (Mo, . 51 6 3 |60 |
02, O Distomum reflecum Crrvr, 1 1 l— | 2h
© 3. O?  Distmum Micscheri 7SCHOKKE, . —[- — ! — |1 S
(b © Lecithaster gibbosus (Rup.). ) 29 A - 26 1
8O Brachyphellus erenatus (Run.) . 17 4 = | 21
V6. X Crepidostomunt furionis (Mini.). 3 5 $
<7 X Azygia tereticollis (Rup), ‘ —_ 2 10 |12
“ 8. X Abothrium crassum (Rroci), —_ 8 (20 [28 1
9, ©  Buothriocephalus osmeri v, LINst. | —_ 20— -2 ¢
A0, ©O?  Bothriocephatus spee. (larva) 1. Zsciox, | -] ~ 1 —_ “ ;
1. OF  Bothriocephalus spee.(larva) 11, Zscuok. | ~f-1  — 1} - 1
12, O?  Bothrivcephalenlarven 7SCHOKKE, o N R
18, ©O? Tetrabothrivm spee. erre. o 4| — 1
- 1h OX Seolex pleuroncetis M. {iih.150 5 4 2.
“45. O Cotnomorphus grossus (Rup.), a47? 3| — | Ve
A6, O Tewrarhynehus quadrirosweis (G, ) 11? 1] — | 127;
5. O Tetrarhynchus puleaceus Rup. 42 - 11— | &3
;‘XS. Q7 ’1'(’//'11/'}xy1(01:11:~; spee, ASCIOR. ~|* - 1 —_ 1
’3'1‘.'. O X dAscaris copsularia Tup. 937 97 37 11047
20, O dsearls communis Dixs, 15 1 — 16
M. O Ascaris adunca Rub. C 21 60— 127
22, O dscaris clasate Rup. LT . S By R
23, O?  dsearis spee. 1. Zsd{gip_x_ﬁz.-f«--—'*""“""" t[. — 1 — 1
26, ©? - dscaris spees TIT Zscuoske. -1l -~ 1 | — 1}
:25. ©? Nematodes spec. 1errz, a T p— (I
126, ©  Ascaris angulate Rup, 4 1 | — 5 1
27, X O Pomphorhynchus laeeis {40rcA), 17 §. |45 | 70!
128, X Neorhynchus retili (ML), — 1 3 }129 {32
290 KO Felinprhynchus truttag SCURANK. : 1 2 2 5,
30. O? Lchinorkynchus heteracanthis 1lerra, -1 1 | — |1
3l OX Iehinorhynchus gadi MULL. 59 5 6 |70 .
‘32. O |, Neorhynchus agilis (Rup.). Co 8 20— 10
33, OF  Lchinorhynchus spee. 7SCHOKKE. 4 — 1 f— 11
3. X Piseicola gemnetra Lax. _ —_ L2y -2 -
85, X Cystobranchus respirans ‘Trosci. o= =21 -2 | -7

A - specific form B - in ? marinekfish C - in ?:migratory fish‘
D - in ? freshwater fish E - total :

frequently and often in large numbers. Their occurrence on Salmo

salar can therefore be easily explained. Of greater interest is

P
el

the occurrence of intestinal parasites which usually are fdund’bn1§r




in freshwater fish. I have already discussed my opinion on the
manner of infection in the systematic part. I would only like to
stress once again that 3 of those parasites are accidental guests, ;';f}

and only Abothrium crassum occurs

numbers. The figures in Table III

Of the 6 marine-potamophilous parasitic species, some are

morq?arine, some more potamophilous. As can be seen from the above . -

parasite is purely potamophilous.

i
fa
BER

o)

constantly and in larger or smaileiTE'

show, however, that even that'yﬁ?if

Table, Derogenes varicus, Scolex pleuronectis, Ascaris capsularia

- and Echinorhynchus gadil belong to the first, Pomphorhynchus 1aeVis;:‘

and Echinorhynchus truttae to the second group.

Table IV gives a review of the number of parasitic species

individual

found in c¢yn fish of a particular type of Rhine salmon.

Table IV
A Gnter. | Sittl. | o1 T
S iA Parasitenarten Erx? :nl lxlioiL} ’ D? 1 Mosel: || Total:
L . P e C 3 (SRS ]l'\(‘\l\: .
o mit 0 infiziert: waven im .0 0 I8 0 i 1
IETHE SV 0 2 87 1 40
w2 woow 3 2 65 4 74
B . © 7 3 20 12 .l 42
Cie o, e B 0 5 S0 10
IR T PN 1 9 0 0. | 1
IR o k! 1 0 0o &2

A - parasitic species

C - Middle Rhine

o | E - Moselle . .
"mit .. infiziertiwaren¥im" - with .. infected were in the

B - Lower Rhine
D - Upper Rhine

v .




| The above Table provides interesting 1nformatlon on two ;
points: on the degree of infection in ‘the individual parts of tﬁg
I | river, and on the decrease in the number of para51tlc Sp301eg :

the higher the salmon ascend the rlver.;'.

L The degree of infection is actually very low. In most.Caseéffpi

1

I to 3 parasitic species are present, usually the species alre?dy

35

mentioned above: Derogenes, Abothrium and Ascaris capsularia. They’(ﬁ}”'

are occasionally accompanied by a few other Species, mostly also Byi'
a parasite of the body cavity. Comparing the ébove Table with |
the corresponding table by ZSCHOKKE (ilZ);we find considerable"V:
- agreement: for that author, too,'l;B species in one host arevthei "

ordinary.,

Let us now compare the respective columns for Lower, Middle; ST
and Upper Rhine and Moselle with each other. The parasitic situation

in the Moselle is similar to that prevailing in the Upper Rhine;'

there are almost always 1-3 species in the same salmon. Salmon from - :

the Middle Rhine, on the other hand, sometimes dlsplay a more varled
parasitic fauna, and in salmon: from the Lower Rhine this is even
the rule. There, no salmon carries nozévor only one para31t1c}speéieé;f‘
5 fish are infected by 4 Species; and 1 fish each b§ 5 and 6 :
species, The opposite is tfue of salmon from the Upper Rhine: no ;
salmon with 5 or 6 Spec1es few W1th b and 1 even 1nfected by noA?;;

of
species; most/the fifsh are 1nfected by l or 2 SpeCleS We see,




therefore that the higher

Table V prov1des an answer to thewquestlon whether the

number_of 1nfected fish also decreases.

Obu(h in: I‘o{ als

R . terrhain: el ll\
3 arasiten: von (m‘l \[0 sel von 170
. "A Para n :Bl’l Tachsen ? Q‘\ 25 Tachs n?])l 28 I uhﬂcn? t::dmml:\chse:x’?“"
* dsearis capsularia 12 = 70,5 %117 = 68,0 Y% {111 = §6,7 %140 = 82,3%:
DNerogenes varicus 13 = 76,4 94|17 = 68,0 %) = 26,69, 64 = 37_5'}()_.
wlbothrium erassun |13 = 76,4 %116 = 64,0 ',-"6‘ 66 = 51,39} 95 = 55,8795,

1

parasites
-~ Lower Rhine; of 17 salmon ?
Middle Rhine (including Moselle) “of 25 salmon ?
Upper Rhine; of 128 salmon ? I
Total; .of 170 Rhine salmon ?

HOOW
I

This Table lists only the three most common parasitic

species. One glance at the figures for Abothrium crassum and

Derogenes varicus immediately convinces us_ that .the.number--of

.1nfected fish among ascendlng salmon decreases noticeably. In the
Lower Rhine the tratez of infection is the same for both species
because they were found in the same number of salmon. This rate

then decreases for Derogenes varicus in the course of the upstream

journey of the salmon, so that in the Upper Rhine only 26% of the

fish are infected by this parasite. The behaviour of Abothrium crassum
differs slightly. The rate of infection*decreases more slowly, but"

nevertheless distinctly; in the Upper Rhine, 51% of the salmon are 93

v




still infected. Incidentally, the high rate of infection in thé?-"""'

Lower Rhine proves that Salmo salar does not become infected w1tb

the purely potamophilous Abothrium crassum,in fresh water, but before_*A
that, either in the sea or in brackish water. Could Abothrium - |

crassum therefore be Synonymous with Abothrium rugosum from amongu-'ﬁ;” :

the gadids, after all? (See systematic part under Abothrium crassum), ~"

The conditions for Ascaris capsularia are in'striking'cohtrast‘;
to those outlined above for the intestinal parasites Derogenes V

varicus and Abothrium crassum, for the rates of infection for the

Upper and Lower Rhine are approximately the same.

On what does this different behaviour of the three Species'ifﬁff

depend? Derogenes varicus lives in the esophagus an&ﬁn the stomach,
that is to say, in those parts of the digestive tract which are in":3_>
direct connection with the outer world. Therefore this pafasite ': “ )
can easil& leave its host through the gﬁlletQ'This seemsS to be the'17ﬁ
case, too, for in the salmon from the Upper Rhine mostaof these -

trematodes, usually living in the esophagus and the stomach, were.’

found near the gullet, while the stomach which in salmon from the .
Lower Rhine is always the main locality of the trematodes, was

often completely free from this parasite,

The situation is different for Abothrium crassum. This'

cestode lives mainly in that part of the intestine which is direclef‘ff
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connected with the pylorus. Moreover, it often }s firmly attachedgv

with its scolex to the pyloric appendages. It is therefdre much i D

more difficult for this parasite than for Derogenes varicus to -

detach itself and leave the 1ntest1ne. This is the reason why we Q,L;g&"‘-

still flnd the parasite in salmon from the Uoper Rhine, even if only BN

Looin small numbers partly in the pyloric part of the 1ntest1ne partly

on its way out, 1n the terminal intestine near the anal openlng, ,kaij‘

. and covered with mucus.
”‘"y' .

Ascaris capsularia, finally, belongs to the parasites of:,‘

'”the\body cavity. It is thus completely secluded from the outside

"~ world and unable to leave the migrating host when: it changes its

medium or'passes thrcugh'its starvation period. Therefore the rates .

B

- of infection remain approximately the same, as becomes obvious from

Table V;

From the above we see that ascending salmon gradually lose

their intestinal parasites. The number of their species décreases, = 94

" but also the number of specimens of the respective species in an

infected salmon, and the -number of infected fish,

The numbers of species and of individuals of body cavity

parasites, on the other hand, remain constant,

Let us now have a brlef look at the seasonal occurrence

of parasxtes in Rhlne salmon The followmng table will prOV1de:'




information on the distribution, again of the most common g

species, in the individualsmonths., January and March were dlsre% rded

becausenno fish could be examined during those months, also g

Februarx)in the course of which only one salmon from the Lower Rhinef

was examined Whlch however, had in addition to Coenomorphus grossus

large.
Derogenes varicus and Ascaris capsularia a number of VaEE Spec1mens

of Abothrlum crassum.

Pable VI

parasji § cﬂ-i‘
C

' i N T U(\(CI‘;\IC‘\U‘—-W—“ o "—_“:"-N"mww' B . . X
; 3 Monale: (;QRhcmlachsq. Z)c;'ﬁg. gar, {Abothr. crass.) dsc. capsul.|
' April ’ 4 100,0 % | 75,0 % 75,0 %

May 4 100,0 %, 50,0 9, 75,0 %
Junk 11 55,5 % © 90,9 % 63,6 %,
July . 3 32,3 9% 66,6 9 66,6 %
August . 3 66,6 % — 00,0 2,
September 2 — 100,0 °, 100,0 9
Oktober 16 43,7 9% |- 43,7 9% 75,0 o
November 108 36,7 % 58,3 % 83,3 9%
Degemnber 18 11,1 % 611 % 83,3 9,
1 - months 2 - Number of Rhine salmon examined

In spring, Salmo salar, with a large number

of parasites,

starts its journey upstream. It continues its journey until autumn,

reaching its destination in late autumn or early winter and spawning

there. In spring and summer, between April and August, the percentage,

of infected salmon is very high. Towards autumn it decreases and

in winter it is at its lowest, ZSCHOKKE made 81m11ar _observations,

e p b A5

and also HAUSMANN gets similar Fesults although he examlned salmon

for trematodes only in June, July, August and February._

S




It is immediately obvious that this Table agrees with

' the’preceding one, Here again’we notice a distinct decrease of
the number of specimens. This decrease differs for the 3 species.

It is almost zero for Ascaris capsularia, a parasite of the body

cavity, distinctly noticeable for Abothrium crassum, and very great. .

" for Derogenes varicus.

Let us now briefly consider the behaviour of the other

parasites. Of course only Qggégié;;rease or increase)which live inif' ®
the digestive tracty The parasiteé Qf the body cavity and those -
' encapsulated in various organs remain where they are; they cannot
-move and, as we have seen in the systematic part, most of them
5P

A
degenerate and die. Onlyfew will be able to develop further.
"Their numbers can', as ZSCHOKKE (112) has.already stressed, "cer-
tainly not be increased in the river, only decreased - through the

death of individual specimens",

In addition to Derogenes varicus and Abothrium crassum,

nematodes, trematodes and occasionally also acanthocephalans and

cestode larvae are found in the digestive tract. Some of them

 leave their hosts on the same way as Derogenes varicus, others
pass through the entire intestine and out into the water through

- the anal opening. Among the first group &re Distomum Miescheri and

Brachyvhallus crenatus, as I could see for myself. Distomum reflexum

and Azygia tereticollis, and those specimens of Lecithaster gibbosus
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which had not yet passed the pylorus &t the ongét of the starfat;Pnff;*‘

S,
‘i

..period, go the same way. All parasitic forms living on the othen#

side of the pylorus, go the opposite way. In addltlon to Abothrij um.él

crassum, cestode larvae, Le01thaster gibbosus “and Crepidoestomum

- farionis were found iﬁffhe termlnal 1ntest¢ne. Nematodes which haﬁéﬁ”f 

already passed the pylérus go the same way. I found for instanée'fgfﬁjﬂ'

Ascaris adunca in the small intestine and terminal intestine. It S

is obvious that the parasites‘leave their hosts, follOW1ng elther

way, With the pylorus the dividing line. In salmon descending tOj; h'J

the sea after spawning, ‘we find the entire digestive tract almost '

empty, which HOEK observed also on salmon in Holland after spawning.
The last-mentioned author emphasizes in particular the‘complete' |

absence of Abothrium crassum which inhabits the ascending salmon in

such large numbers. Its locality, the pyloric appendages, wass
completely enmpty. - | .  £?

thewr
From the above it becomes clear that on -+%8 journey upstream,

salmon gradually lose all their intestinal parasites acquired in
Auvralion

the sea; the decrease is proportional to the leagth of the Journey

and the distance travelled.

Let us have a look also at the parasites from the viewpoint

of their developmental stages in which they are found‘in‘Rhine.4

salmon. It is remarkable how many adolescent stages and hOW‘few:fan'

el
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mature stages are found. If we go through the list of parasites_é&e“ffH
by one, we find of the 33 endoparasites only 15 either completelf

mature (Derogenes varicus, Distomum reflexum, Crepidostomum farionis, -

Azygia tereticollis, Lecithaster gibbosus, Brachyphallus crenatus;

Abothrium crassum; Ascaris angulata, Ascaris clavata, Ascaris adunca; - .

Echinorhynchus truttae, Echinorhynchus gédi, Neorhynchus agilis,

_Neorhynchus.rutili) or almost mature {(Distomum Mieschewik). 18 Species_ 

are larval stages, améng them the cestodes with 10, the nematodes
with 5 and the acanthocephalans with 3 forms. Mostly these parasites : ﬁ
~are encapsulated in or on the intestinal wall, in the liver, in or . -

on the esophageal wall, between the pyloric appendages, etc. Some -

- live freely in the body cavity, e.g. Tetrarhynchus quadrirostris,

Coenomorphus gfossus} Bothriocephala larvae and Echinorhynchus

- heteracanthis, Only of two species, namely Tetrabothrium npv.spec.

(HEITZ) and Scolex pleuronectis, have larval stages been known to

occur together with mature forms, both free in the intestinal lumen,
These species, however, as has been mentioned before, are purely
accidental guests and would have left their host soon, judging from

" their locality, like the other mature intestinal parasites.

Below, I would like to reviewthe-parasiteé of Rhine salmon

“k‘oh the basis of the organs they live in.
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3. Intestine (region of pyloric appendages) (3 species):

I. Digestive tract:

#

. 1. Esophagus (9 species): ) A : '.AZ‘;m ?i‘ '

(a) Specific: Derogenes varicus, Brachyphallus crenatus ‘Distomum -
Miescheri, Dist. reflexum. ‘ R

(b) Foreign: Lecithaster gibbosus, Ascaris angulata, Ascaris '~ .. 87
adunca, Echlnorhynchus gadl, Neorhynchus agilis. ‘ ST

2. Stomach (10 species): ‘

(a) Specific: Derogenes varicus, Brachyphallus crenatus, Distomum}¢ﬁ'
Miescheri, Azygia terctlcollls. R

(b) Foreign: Lecithaster gibbosus, Ascaris adunca, Ascaris’ SR
spec.I and II, Echinorhynchus gadl, Neorhynchus rutlli.; IR

(a) Specific: Abothrium crassum, Scolex pleuronectis, Ascaris '
' adunca. == : -
(b) Foreign: -

L. Intestine (small and terminal intestine) (5 species):

(a) Specific: Lecithaster gibbosus, Crepidostomum farionis;
Abothrium crassum, Tetrabothrlum spec., Ascaris adunca.
(b) Foreign: # ' .

II. Body pavity:

1. Peritoneum (7 species): ' . f?

Coenomorphus grossus, Tetrarhynchus quadrirostris, Tetrarhynchus. .-
polaeceus, Ascaris spec., Ascaris clavata, ASC&TlS capsularia,.
Pomphorhynchus laevis, .

2. In the intestinal wall (8 species):

Bothriocephalus osmeri, Bothrlocephalus spec.l and 11, Tetrarhynchus
erinaceus, Tetrarhynchus paleaceus, Tetrarhynchus quadrlrostrls
Tetrarhynchus spec., Ascaris capsularla.

3. On the intestinal wall (11 species):

Bothriocephalus osmeri, Bothricephalus spec.I and II, Tetrarhynchus
quadrirostris, Tetrarhynchus paleaceus, Coenomorphus grossus,
Ascaris capsularia, Ascaris clavata, Ascaris spec., Pomphorhynchus
laevis, Echinorhynchus heteracanthis. o S

L. Liver (5 species):

Coenomorphus grossus, Tetrarhynchus quadrirostris,nTetrarhynchus'f
paleaceus, Ascaris capsularia, Ascaris communis. = . . .

I
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5, Spleen (1 ébecies):
B Ascaris capsularis
i 6. Kidneys (1 species):
Ascaris capsularia 4
7. Genital organs (2 species):
Tetrarhynchué quadrirostris, Ascaris capsularia.
8. Free in the body cavity (3 species): R
| Coenomorphus grossus, Tetrarhynchus quadrirostris, Tetrarhynéhus R
paleaceus. ‘ '
III. Ectoparasites:
1. Gills (1 species):
Pisciola geometra
2, Skin (2 species):
" Pisciola geometra, Cystobranchus respirans.

I

‘From this summary~we see that most of the parasites live
‘in the body cavity. Since these species, as already mentionéd, 1ié 98
,\in a separate organ, they are a constant phenomenon for the saimon,.
\and are useless for our purposes. Of greater interest are the

" parasites which live in the digestive track.

With 10 Specieé.the stomach is the most populated part of
the digestive tract. Infection in the . .esophagus is equally high.
The intestine after the pylorus, on the other hand, has oﬁly a few

-+ ..Species, the terminal intestine even fewer.

- Very many parasites have been found in Rhine salmon in

organs where they are.usually never found, either in salmon or in




other fish. Ascaris adunca, Ascaris angulata, Echinorhvnchus gadi, ~ -

Neorhynchus agllls and Neorhynchus rutili were found in Rhine salmon'
in the esophagus and the stomach; all of them lived only in the '

intestine in other hosts. The two ascarids Ascaris spec. I and II

presumably belong to the 1ntestinal fauna, too, because gastric

nematodes are rare in fish.,

In the intestine itself we ‘do not find any unusual para31tee.:
What, then, is the reason for the para31tes in salmon living in- ,
other organs than they usually do? ZSCHOKKE interpreted it as a way n; v
of seeking protection. To me it rather appears that the above- »ﬁﬂii‘
mentioned parasites are about to leave their host through the gullec;:‘
The fact that many_intestinal‘parasites return to the gullet with'f5cu
the gastric and esophageal parasites instead of passing through thee
entire intestine in the usual way and leave their host through tne fﬁ
anal opening, seems to Be connected with the onset df'the starvetion'
period. Those parasites which at that timelhave_already passed.theA"'
pylorus, leave the host through the anal opening, the others which

are still in front of the pylorus, leave the host through the gullet.

In concluding it may be pointed out that most of the
intestinal, mature parasitic species are trematodes. There are only

very few cestode and nematode species, and only isclated instances -

PRI

of acanthocephalans, S0 ‘that.-in- this respect ZSCHOKKE?S sentence

(108) "les Salmonides ne possedent pour ainsi dire pas d'Acanthoceﬁhales" 3*
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acanthocephalans by far,

Table VII

I Ba&tlc Sea

(17 Parvasitenarten).

_garasitlc species

crogenes caricus (MULL.). 1
G Brachyphallus crenatus (Run.). 2
X' dbothrium crassum (Brocu). 1
X O Schistocephalus g casterostct

. (FPABR.). ’ 4
"X © Triacnophorus nodulosus
. (PaLL.). - 4
{©  Bothrivcephalus spee. I1.
‘ -ZSCUOKKE, 3
‘©  Bothriocephalus spee. 111, '
: ZSCUOKKE. 4
IO Cucullanus clegans 7Zrp. 4
O X Ascaris capsularia Rup, 2
O dscuris adunca Rup, 3
©  Ascaris copmunis Dirgs. 3
iX?  Ascaris aculeali v. LaNsT. A
iXO Pomphorhynchus lyesis (4orec.) 4
§><O Eelinorhynchus salnzo;z\('s
i Mirr. 3
KO Lehinorbynchus rudtae

SCHRANK. 4

{© X Lchinorhynchus gadi \IUl L3
O Lerraepedu salmonca 1ax. 3
A I Tweed:
{
- 15 abEsivitikpecies
OX Deragenes caricus (MULL.). 1
©  Brechyphallus erenatus (Run.), 2
‘©  Distomum Miescherl! 4scrox, 4
W clbotheium crassum (Brocn). 1
{©  Cacnomorphus grossus (Rup.). 3
{©  Tetrarhynchus quadrirostris

f (G 2
© Tewrabothrivm mdimun

: v. LansT. 4
O Tetrabothriune spee. Tosi, 4
@ Taenia spec. Tosi. 4
O X Asearts capsularia Run, i

RO Ascarts acute Rup. 1
Y4 l\(aru ohtusocaudata Rup. 4
XO _POIR[)]!O}I(JII(‘]H!S‘III(!. is (Zorsa). 3
XQ Ium{hau oholus luedd (MULL.). 4
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CIIL Blbe:

13 pathbieiespecies

O X Derogenes vericus (MULL.), 1

©  Brachyphallus crenatus (Run) 4
O Distonwmn Micscheri Zscnok., 4 ;
X Abothrivm crassum (Brocn). 1
O X Scolex pleuroneetis i, 3
©  Cocnomorphus grossus (Run.). & 3
O - Detrarkynchus quudrirostris ;
(Gze.). 2
O X Ascaris capsularic Ry, 1N
©  Ascaris cluvate Rup., 4
XO Iehinorhynchus salmonis M, 4
©  Lernaenpoda sulmonca Liax. 3
X dArgulus coregont THoRELL. 3
X Piscleola geometra (Lax.). 43
i
V. Tay: ¢
12 pafasitiv*dpbeies -
O X Derogenes varicus (MiLn), 1
X dsygia teretivollis (Runl). © 4%
©  Distomum spee, M. Intosn, & |
X Mbotheiwm erasswm (Brocu), 1%
©  Tetrachynchus quadrirostris '
(Gar.). he
©  Tetrarhynchus spee. Mc, Inv. 4
© Tetralahrian pyinimum 2
v. Laxst.
O X dscaris capsularia Ruy, 1.
O  dscaris spec. Mce, Int, 4
XO Pomphorhynelus, laggis
(Zouca). . 4

XO Ev}u‘norhyhclms salinonis
Mnnen, 4
X O Lepeophtheirus Stromii Dawn, 4
V.Pacific Ocean
V. Pacifischer Ozean:
léél\t&-\h‘xm tbne)cles
,X .ibot/uuun crassum (Broen),
[0) Delichnibothrium caudatum
ZSCHOKKE, ! o1
©  Bothriacephalenlarven Zsciok.

13

und IIvirz. 4
©  Terarkynchus quadrirostr(s
(Gzr.). - : 3

P——




Crenomarphus grossus (Run.),

4

VLR Sebago
\HI Scebago-8Sce

O A L
“O K Asearls capsularia Rew., 2 (7 P'\L‘\slt.cuuh‘n) S
2y Filarien Warbp, ? 7 parasitic spe Cl es @ ..
OX Echinorhynchus gadi Morn, 2 | X Azygia sebago Wann. 1
O Lehinurhynehus cacnoformis X Abothriune erassum (”"0(;.")" B
oo Herrz. 4] X Proteocephalus pusillus \WARD. ‘3:
Yosg . Henneguya Zschokkei Guni. & | X Proteocephalus spee. Wiann. -~ 4
% Copepoden Wann, g | X CestodenlareaWWarn. : 4,
e K Sparganumspec. Lu, ITWaen 4
VI Wesor: XO? Nematades A w.'B Wanrp., 3 :
- 10 P‘ud&ttpn 1y lon‘ X. Ireland 5
.lo parasitic Species X Triand: ;
‘O K Derngenes variciés (MLL.). 215 “parégs&rbl g Sb'écmes E
o ])I(lC]lJ.[)/llllllla crenatus (Run). 4| o Derogenes varisus (Mon), A0
j){ Abothrivm erassum ('BLO'C'H). 1| X dbothrivm erassum (Brocu). 1]
‘©  Tetrarhynchus quadrirostris '0) Cocnomurphus grassus (Run.). §i
. ((f'/‘“')' . 3 | Ox Ascaris eapsularia Run. 14
OX il(:lgu'hy/w/m.s' erinaceus o Ascaris clavata, Rup. 3i
V. DBEXN, : B
‘O Coenomorphus grossus (Rup.). 4 X . Canada
‘©  Tetrabothrivae minimum X Kanada:
. .Y Lanst. i) 4 parddsityl ‘“Sbéc1es
OX Asearis capsularie Run, B O X Dervgencs earizus MELL.Y. 1
M Ascaris aeuleall v, Lansy. b ©OF fMemiwrus appendiculitus
O dsceris adunca IRub. 4 (Run.). _ 95
VII. North Sea O Jecithaster bothryophorus S
VIT, Nordsee: O‘ ghﬁ)] o )?2
: Sorasile uus{/op orus S‘llll/) cx (Run.), 4
8 palBlIEHE ot es |t sineter e
‘O X Deragenes carieus (ML) 3
‘©  Brachyphallus erenntus (Run.). 1
f:) Abothetum: crassum (Brocu). 1 i
‘OX Senlex plearpneetis Mitnu, 4 |
'©  Bothriocephalenlareen Jiscuox. 3 |
O Tetrarhynchus spee. ZSCHOKKE, 4
1O Neorhynchus agilis (Rev.l). 3
1Q_ Jchinorlynchus spee. Zscuox, 4 f
0 - purely marine
lox .|marine- potamophllous ‘
Ixo - potamophilous-marine
X . burely potamophllous
1 = common
2 = frequent
3 = occasionally
4 = rare

‘
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% 2.  The parasitic fauna of other salmon and salmon species

iR
14

Not only in the Rhine,.but also in many other ri?ers and invl‘
‘ the sea, salmon have been examined for parasites. In the follbwing,if;?“f
“I WOu1d 1ike to compare the results for the Rhine sadmon With‘thQ :71¥
- resulté of those other studies, mainly to find an answer to the - B
‘question whether thére"are really different types of salmon,waamman§ﬁ;92
. authors assume, which differ in their nutritional habits depending ..
- on the river or sea they live in, The very question whether and - o
why some of them take in food in fresh water, others do not, is as gfﬁf
= yet unanswered. Perhaps it is possible to-solve this‘QuestionAbyrfwfii?

parasitological methods.

The following salmon are to be'compared parasitologically]:

with the Rhine salmon:i

Salmon from Canada ” i Salmon from the Elbe

Salmon from the North Sea Salmon from the Loire ‘
Salmon from Ireland . ‘ Salmon from the Baltic Sea ;?f_‘
Salmon from Norway = - Salmon from the Tay '

The salmon species of the Pacific | Salmon from the Tweed

~ Ocean : ,

Salmon from the Weser Salmon from Lake Segabo

This comparison may be preceded, for purposes of general -
orientation, by a list of parasites of all salmon (excluding
salmon from the Loire and Norway) (Table VII). The sequence depends

- on the quantitative magnitude of the parasitic faunas of the
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individual salmon.

Table VII reviews the parasitic species, their frequency§~
and their geographical distribution. In order to emphasize the

last-mentioned point even more, the most frequent and most widely -

¥

distributed species have been summarized (including parasites of =~ * ..

Rhine salmon; see Table II) as follows:

e
e
e

- of 11 localities ‘Rate of infection ™ .-
1. Abothrium crassum ‘ 10 e
2, Derogenes varicus -9 ST L =2
3. Ascaris capsularia 8. L o1l -2
4. Brachyphallus crenatus ‘ 6 : U 2
5. Tetrarhynchus quadrirostris 6 3
6. Coenomorphus grossus 6 3 -4
7. 4 3 -4

Echinorhynchus gadi

All other species either occur only in 3 or 2 localities or .
belong only to one river or sea. Locally, they may'be quite common -

and infect salmon to a considerable extent.,

It is interesting to note the localities in which the = = 102

£
P

respective parasites are absent. Abothrium crassum occurs everythke ‘
except in Canada, but this cestode is certain to be present even |
ﬁhere, as WARD's finds in salmon from Lake Sebago indicate clearlf,_5 
STAFFORD who examined the Canadian salmon parasitologically, unfor—,'

tunately published only his findings on trematodes. Derogenes varlcus,

this gastric parasite which always occurs in large numbers in salmon,

can of course not be found in salmon from Lake Sebago?'belng~a ‘f'
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" purely marlne form strangely enough, it is also absent from sal%gnﬂfﬁ f

F: of the Pacific Ocean. In thlS case, however, insufficient researfh G

may be held responsible for its absence. RUTTER found parasites ﬁﬁv
in the stomach of salmon one fqrm of whichvwas 1nterpreted as a

trematode by WARD; species and origin are unfortunately unknown;a‘

Ascaris capsularia has been found to be absent only in 3 localitles,_a‘

namely in the North Sea, in Canada and in Lake Sebago. For the
first locality, this ‘absence can be explained by a scarcity of

suitable material for surely this nematode larva para31tlzes also

all

the North Sea salmon, appearing 1nAthe para31tlc faunas of the salmon .

ascending from the North Sea. Itd absence in Canada will presumably '

" have the same reason as in the case of Abothrium crassum. LINTON - °

mentioned ehcapsulated nematodes from.Salmo salar which from their

description and pictures are identical with Ascaris capsularia.

Therefore, this species is hardly likely to be missing altogether ini

the salmon of the Canadian coast.

The other parasitic species are found in considerably fewer
localities and, as we can see from the figures, the rate of

infection is moderate to low. It is lowest in those which have

the smallest range of distribution. Distribution and rate of infection

are therefore close;j linked with each other,

In addition to Table VII, I would like to use another

' Table as proof fd?'my.further reflections. In this latter Table,
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all localities are listed, their parasitic faunas arranged.on theg |

basis of their origin (purely marine + marine-potamophilous, = =

o

potamophilous-marine + purely potamophilous)), anq/the proportioﬂéw

expressed in percentages, To simplify matters, I have listed all

parasites known from QOncorhynchus keta, O.nerca and O.tschawytscha

under one locality. I also have disregarded all ectoparasites

(including Henneguya Zschokkei) and all Specific formsl, whetherx

- 103

their origin is known (Tetrabothrium minimum, Echinorhynchus hetera- =

canthis, Distomum Miescheri) or unknown (Bofhr10cebhalu8'8pec.;~

Ascaris spec., Echinorhynchus spec., etc.). Only those Species are

to be evaluated which are generally known and of which several

hosts are known.

In this manner we have obtained an almost clear picture of
the parasitic faunas of salmon from various rivers and seas, so

that we can compare the individual habitats and salmon.

Let us now try touestgblish on the basis of Tables VII and
VIII ,.from the parasitological point of view, the nutritional

habits of the individual salmon in the various localities.

The parasitic fauna of Canadian salmon, examined by STAFFORD

(95), is unfortunately too incomplete as only trematodes are listed,

1 I have used the term "specific forms™ for parasitic species which
so far have been found only in one fish species and the origin of

which - marine or potamophilous - cannot easily be established from

"migratory fish.
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Table VITI
: '» , Vo - i Tolal refit  jrein potas
L()Ié)aill‘by O x Potals 1y 1narin mophil -
£ 1. Kanada, 4=1000 %  — | 4 3 —
;.20 Nordsee. - . | 4= 80,0 % 1= 20,0 % 5 3 I TR
4030 Irdand, | 4= 80,0 %li= 20,0.% 5 2 1
¢4, Pacilie, hi= 80,0 %11 20,09 | 5 2 1
LD s mibe, ] 7= 77,8 %f 2= 22,2 9 Y 5 1.
To1 6, Weser, F= 77,8 9 2= 22,9 9 9 4 R
' 7. Rhein, 15= 71,4 %[ 6== 28,6 % | 21 11 heod
| 8 Tweed. 7= 63,6 % b= 46,4 9% | 11 4 2 1
9. Tay. Tl 8= 42,9 % 4= 57,1 % 7 1 2
0. Ostsee. o 6= 4299 8= 57,1 % 14 .3 2
1. Sebagosce. — 3=100,0 9| .8 — 3 :
" A - purely marine B - purely potamophilous
-1 - Canada 6 - Weser
2 - North Sea 7 - Rhine
'3 ~ Ireland g - Tweed
L4 -.Pacific Ocean 9 - Tay )
5 « Elbe 10 - Baltic Sea

"1l - Lake Sebago

It should not surprise us to see that in character and

composition the parasitic faunas of salmon from the North Sea and

from Ireland agree more or less. Since only marine salmon were

e R

examined, only marine parasites were found, with the exception of

Abothrium crassum which is a purely potamophilous species (see

Tables III and XIV and the systémﬁ}iﬁwpart)a«CoenomorphuS“grossﬁsi

and Ascaris'capsularia”ﬁfééumably parasitize not only salmon from

Tweed salmon often carry these forms from'the sea into the rivers,

Derogenes varicus appears in both“pypes of salmon;A_.

Ireland, but;also from the North Sea,vfor Rhine,VWeser, Elbe and 4:

104




Conditiens are similar in Norwegian. salmon:™ I~ had the

A

opportunity to examine”ﬁ”éﬁecimens from the coastal regions of _;

Norway for parasites, Their parasitic fauna with Derogenes varicus . = =

S

and Brachyphallus crenatus in esophagus and stomach, with Ascaris f'““w

' 'adunca in.stomach and intestine.(with many food remains) and

Abothrium crassum in the pyloric region of the intestine can be

called almost purely marine., Ascaris capsularia was also found ' .

frequently. Therefore Norwegian salmon is parasitologically the

same as North Sea salmon.

There is a great difference, on the otheﬂﬁand, between
North Sea and Baltic Sea salmon ( to simplify matters, all Salmon';jf:”
from the Baltic Sea region examined by different authors have been =
iﬁcluded;‘ZSCHOKKE's results, however, are the foﬁndétion}forAthey‘t:,

are the most accurate ones).

Examining the extensive parasitic fauna of the Baltic Sea
salmon, we notice immediately the large percentage of potamophilous;.z
marine and purely potamophilous parasites, contrary to the North‘

Sea salmon which has not a single purely potamophilous form (Abbthfiumil

crassumlalways excluded). The only purely potamophilous parasite

in the Baltic Sea salmon, with the exception of Abotﬁrium crassum, 
which according to ZSCHOKKE and SCHNEIDER often occurs in vast '

numbers, is Ascaris aculeati, but this nematode was always found

encapsulated. The only purely marine forms, apart.fromythe’e¢t0parasite
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. Lernaeopoda salmonea, are Bothriocephala larvae, Ascaris adunca &nd = -

 Ascaris communis., Rhynchobothria larvae, so common in Rhine sa J%n,fﬁqr
are COmplepely missing. ZSCHOKKE explaiﬁs this different behaviéufiikf5*
- by the absence of hosts necessary for further development and‘u- 7;;jfﬂ:
distribution. All other parasites are either matine-potamophilous .

or potamophilous-marine.

ZSCHOKKE (112) has the following comment on this ﬁenomenons.ﬁ |
"One is automatically tempted to explain ihis strange behaviour
by saying that Baltic Sea salmon iake in food even in the river'~.
(which, according to NORDQUIST, is allegedlf the case) and therefore ‘;Qi
.return to the sea with a parasitic fauna which is much richef in -

potamophilous forms,"

Baltiec Sea salmon admittedly can become infected in fresh-‘

water with potamophilous forms (Ascaris aculeati, ‘Triaenophorus

*  nodulosus and Cucullanus elegans [questionable: see systematic part]);

Rhine salmon do the same. But I think that this happens quite
ﬂ—\accidentally, as with Rhine salmon. In my opinion this problem is

explained by the natur%gf the Baltic Sea itself,

It is known that large parts of the Baltic Sea, especially |
in the ‘east, contain fresh water, and the salt content decreases .
eastward (North Sea 3.44%, Baltic Sea 1.77%, of the latter:'GreatA»“”

© ' Belt 1.9%, East Prussian coast 1.2%, Gulf of Bothnia 0.26%). Of
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course this has a considerable influence on the fauna and flora g

of the Baltic Sea. In the Gulf of Finland and the Gulf of Bothnlg,.fff'
”,\partlcularly in the reefbelt, a vivid exchange takes place between ;fff

',.marine and freshwater animals. In these brackish waters bothlmérinélm:

and freshwater fish thrive, and marine and potamophilous, low andA”

very. low organisms live,

In my opinion, this low salt content of the Baltic Sea
and the resultant intermingling of forms are the reasons¢for'the i3>¢~
predominantly potamophilous character of the parasitic fauna of -

Baltic Sea salmon.

It has already been pointed out that the hosts and carriers

of mature Rhynchobothria, larger shark species, are missing, and that

therefore Baltic Sea salmon is not infected by the larvae of that
paraéite. Many other, purely marine parasitic species which are.common-
in the North Sea, are frequentlj or altogether'missing. They are
replaced by similar species which, however, have completely adépted
themsélves to their surroundings and infect not.only‘marine, but -

also potamophilous hosts (Echinorhynchus gadi).

On the other hand, we find many parasites in the Baltic Sea
which elsewhere are totally or almost potamophilous.iThey have .
become inhabitants of the Baltic Sea, and we find them infecting"

migratory and purely marine fish (Schistocephalus gasterostei,

Triaenophorus nodulosus, Echinorhynchus salmonis,_Eéhinorhynchus~
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truttae,'Pomphorhynchus laevis)., - - -;g ’ ' \

L SR S A
We can make such. observations not only in salmon, but algo = 106

_in the other migratory fish of the Baltic Sea like houting and |

A R E

smelt. Aii‘of;them are more or less infected by such parasites. dﬁf c

Baltic Sea salmon has therefore ample opportunity to beceme‘ff?i

infected with potamophilous parasites even in the Baltic Sea itselfgffﬁy

~_There is also the fact that the Baltic Sea salmon does not change =

abruptly from one medium to another. The tranS1t10n is gradual: -‘.
from sea through brackish water to fresh water. Perhaps . the Baltlc

- Sea salmon has become adapted 1n its life cycle and nutritional

" habits to thls gradual change. It starts its starvation period later

~ during 1ts ascent; perhaps its digestive organs do not degenerate

‘ﬁ-.:qulte as much during the spawning season as in other fish, and it ‘

is able duringdits descent at an earlier time to start taking in food ' |

again,

There are unforturgtely as yet no detailed sYstematic studies"

2-available on the llfe and nutrition and the parasitic fauna of A;ﬁr

. Baltic Sea salmon in the rivers. No deflnlte conclus1ons can be

'53 Prawn from the'isolated, occasional finds in llterature, .

' From what we know about the parasitic fauna and its
" composition, I would like to draw the,cautious conclusion that .

‘Baltic Sea salmon;undergpes a starvation period in the river similar =
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in type and duratlon to that of Rhine salmon, If it really took kn;fi'n{

food in the rivers

I

to that of Qsmerus eperlanus and Coregonus oxyrhynchus (see Tabxesff;f‘7

IX and X).

| Conditions are completely different,

v

salmon living in the North Sea and the adjoining seas and ascending

" the rivers for sPawnlng which fall into those seas. The parasitic
fauna and the habits of spawning salmon have been studied in as many >
as 6 of those rivers.'TWo of them belong to the mightiest rivers

in Europe, since their springs are siﬁuated far inland. We can get

the most 1nformat1ve detalls from those rivers, for in them salmon ‘

‘ggg to migrate farthest in order to reach the spring streams as 1ts
instinct drives it to do. It must, therefore
is exposed to unfavourable influences:more than any other salmon,
and gives us thereby the best opportunity to study, much better

opportunities than salmon ascending only short coastal rivers,

The big rivers in which salmon were examined parasitologically

are the Rhine (1,300 km), the Loire (1,000 km), the Weser (with the

Werra approximately 700 km), and above all the Elbe (1,150 km). The

1577

its parasitic fauna would have to be 31m11anﬁ,wig;w;

on the other hand, for

TP,

travel long dlstances, 107

two smaller rivers are the Tweed.(approximately-l50:km)‘and the Tay‘:':

" { approximately 120 km) in Scotland). All these rlvers, except the -
lowr '
fall into the North Sea.

Loire, Therefore thelr salmon come from

there.

.-S? O
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5 Loire salmon 1 from the lower and 4 from the upper cqgrse;;

g

of the river, were examined. This material is scarce and we must\§K

not consider the results of the examinations as generally appllcable.\*w
The findings are nevertheless worth mentioning because in spite T

of the small number of parasités they can be compared with finds

from the Rhine (including the Moselle), Weser and Elbe, with

interesting results. Ascaris capsularia and Derogenes varicus were .
- never missing, and were always found in the appropriate organs. -

Large‘Specimens of Abothrium crassum were found in salmon from’the'

:lower Loire, ‘Small remains of this cestode were found--in-3- Sp801mens S
from the upper L01re' in. one” speéiﬁen it was entirely missing.
' Condmtlons with regard to the trematode fauna were similar., In the -

lower course of the~Loife, salmon were infected by many more than

- 100 specimens of Derogenes varicus each; in the upper course, however,
one salmon had only 20, another one only 9, and the other:twolevén |

fewer specimenshof thatsparasiteégeach.

From these few'Specimens,'the Loire salmon has therefore ﬁf
the same parasitic fauna as the Rhine and Moselle salmon: only =
marine parasites, no food in the'intestiﬂe,*and therefore no

increase in the parasitic fauna in fresh water. Bhis shows that .

)

the salmon presumably does fast on its journey, at least while

Coa

~ ' ascending the streams,’

'f:fIn thé Wesér salmon_I,found a-greater,variety of species than ;~
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them Iin the Loire salmon. I examined 21 Weser salmon. Derogenesﬁvari_l;;_

cus, Abothrium crassum and Ascaris capsularia weretagin'the maiﬁfﬂj;; _:‘
parasites, being found in 9, 13, and 19 salmon, respectivel?. ‘

Other parasites were found too. Ascaris adunca was encountered in

a fewnspecimens in stomach and intestine, and Ascaris aculeati

was found once encapsulated in the esoﬁhageal wall., A few apeoimens"lOS

of Tetrarhynchus erinaceus were also found encapsulated in the

esophageal wall. Some'fish had a "few specimens of-Brachyphailus

crenatus in their stomach, in addition to Derogenes varicus, and

Tetrarhynchus quadrlrostrls was found in the body cavity “of - 3 salmon,4

Coenomorphus grossus in the body cavity of one salmon. Tne result

of my examinations was therefore 9 para31t1c Sp601es, all of them

more or less numerous. Tetrabothrium minimum, the cestode- larva

discovered by VON LINSTOW, belongs here, too.

Except the purely potamophilous Ascaris aculeati, all speoies

are either purely marine or marine-potamophilous. The Weser salmon

carries all of them from the North Sea. Ascaris'aculeati, e S

encapsulated nematode, does not play an important part because the‘,:'
presumably free—SWimming embryo can at any time entkr¢the gullet‘l

with the respiratory water and through that can pass into the fisht”A

i

No remains of animal or plant nutrltlon were ever found

anywhere in the entire digestive tract. It is therefore obV1ous that |

the Weser salmon, too, dlsoontlnues‘actlye feedlng ont;ts Journey,,,efa




- systematic chapters of this paper. The predomlnance of marine
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through fresh water. : ' i N

I can be brief in my reoort on the Elbe salmon referrlng
]
y

to the publications by FRITSCH (24) and to the blologlcal and

~ parasitic species indicates that the salmon does not feed in the

" Elbe. The only potamophilous-marine form (Echinorhynchus salmonis)‘;fﬁgﬁ*

probably entered the salmon when it descended through the brackish -5f,

water of the river mouth, similar to the Baltic Sea salmon. FRITSCH

-":proved that the salmon does not take in any food whatsoever as

" they even predominate.,

" long as it is in the Elbe. Only during its descent it is eomet;mes?%

so exhausted as to try and catch some food. The paraéitic fauna-

. reflects this starvation period.

Let us now consider the salmon of the two Scottis¢h rivers,

the Tay and the Tweed. From Tables VII and VIII we make the

' surprising discovery that both salmon species differ considerably

in their behaviour from the standard so far established for the other

North Sea salmon; their parasitic faunas rather resemble that of :

. the Baltic Sea salmon. The Tweed salmon and even more the Tay sﬂmon 109

show a hlgh percentage of potamophllous elements ‘in the latter.

v

PSSR

McINTOSH's'statements (64) on. the parasitic-fauna—of- the’_g]gif'

.. Tay salmon.arelncomplete “and 1naccurate 1nasmuch as the author
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speaks of young salmon descending to the sea, then of salmon

ascending the streams for spawning, and reports on parasites 6f"¢£;'fA;

one group and then the other rather inconsistently. He also'doeSfff;;f;a

not give any details on the place where the examined sélmon'%Weré

caught, in the sea, in the lower or the upper course of the river, O

Let us mnsider all parasites of the Tay salmon and the

ways of infection. The salmon-a¢quires the marine forms Derogenes ™

varicus, Tetrabothrium minimum, Tetrarhynchus quadrirostris and

Ascaris capsularia in the sea, presumably also Abothrium crassum

(see chapter on systematics). Distomum Spec., Tetrarhynchus Spec. |

and Ascaris spec. also appear to be of marine orlgln.-bchlnorhynchus?"
salmonis is a parasite which, as we have already seen in the cases

of Baltic Sea and Elbe salmon, can infect fish in the sea and in

fresh water. The same applies to Pomph®rhynchus laevis. Only Azzg

tereticollis can be acquired nowhere but in fresh water.

There is hardly an explanation for the predomingnce of
potamophilous parasites in the salmon from the Scottish rivers.
Perhaps a study of the water bodies into which these. rivers fall ~
might throw light on thése strange parasitological findings. Thié;
would constitute a parallel to the Baltic ‘Sea. Many English- |

Flow

Scottish rivers fealldsiinto the sea at the beglnnlng of deep bays.

These bays are small replicas of the large Baltlc Sea: extensive
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areas of brack%sh.water where conditions are preéumably similar
to those in the Baltic Sea. The salmon ascending from the depthi
of the North Sea has ample opportunlty to become infected with

marine-potamophilous and potamophilous-marine pavasites in these f%ﬂ?ff"

water'bodies.:

The parasitic fauna of the Tweed salmon shows that the -

‘above hypothesis is not totally unreasonable. Among the parasites

- of the Tweed salmon, there are only 2 potamophilous-marine Species‘fffm

© and except Abothrium crassum)only one purely potamophilous species L

J

(Ascaris obtusocaudata). In the Tweed 'salmon, therefore, the marine -

element dominates, contrary to ‘the Tay salmon. Let us again turn

to the manner in which the river falls into the sea flor comparison

and explanation of this phenomenon. The Tweed falls into the sea

almost directly. There is no large area of brackish water between~""

its mouth and the sea. Therefore the transition from sea to fresh
~ water is much more abrupt thagn in the Tay; the parasitological

boundaries are presumably much more clear-cut than in the Tay and

the ascending salmon does not get an opportunity to acquire as many’

-_potamophilouSJmarine parasites as the Tay. salmon.

This is one factor which might serve as an explanation for

the high percentage of potamophilous parasites. The other factor,

which I have alfeady mentioned when discussing the Baltic Sea

“;;§aimon, might‘Be of equal significance. The gradual transition from,;"




" T
PSS .

sea to fresh water may influence the nutritional habits of the
ascending and descending salmon in the sense that the salmon N g.‘
occasionally take in food in fresh water, but malnly that the saimon f:
after Spawning, when descénding to the sea, are much sooner able .
to take in food again. This is.also indicated by the frequent o
instances when salmon were successfully caught on a flshlng rod

I would like to emphasize, however,.referring to the numerous tests f?
by English and Scotfish authors, that the ascendlng_and'descendlng,; 
salmon undergoes the same starvation period as the“Rhine;_Eibe,‘j

and Weser salmon. Proof for this starvation period are, in addition;e
to the hundreds of salmon intestines which were fouﬁd‘empty,'the o

parasitological findings.

Nothing much remains to be said about the parasites them-

selves, They occur in similar numbers as in other salmon. A comparison

.of old and young salmon infected with Abothrium crassum, which was .
carried out b& TOSH (99), is of considerable interest; i£ pfoves:::'
parasitologically what biological observatiohs had made appear
likely, namely that the starvation period ofAsalmon is not related_‘ ,
to the change of medium, but to their sexual life. In his review .

-TOSH asks himself whether the decrease in - the Abothrium crassum

population towards autumn is constant and what is its cause. In

my opinion, it is. caused by the dlfferent tlmlng'of the starvatlon f’
time —.-——-6niSet of the ' e
periods, i.e. by the/dlfference in the/development of the genltal

organs. Fish Whlch ascend the rlvers at the beglnnlng of that
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development, that is in spring, still have a great number of .gﬁr}‘ill,

para51tes eSpec1a11y Abothrium crassum, Fish ascendlng the rlvens ;

o B

only in autumn with almost fully developed organs, have already
undergone a starvation period in the sea, as HOEK has shown. ThereL:

fore they lost part of'their'parasités already in the sea. Another:;,w,;‘

factor is perhaps the fact that during the winter months the fish 7 *
" are less eager to take in food. This, then, is the explanation for . -

. that phenomenon, and I think we can safely assume that it will be.

constant. .

Like in Tay, Rhine, Elbe, North Sea and Loire saimon, the

number of Abothrium crassum in a single_Twéed salmon is always small.

TOSHAK99),summarizes the results of his examinations in the following&i

. sentence:

l

'"Freshwater parasitic forms are very rare in the salmon,

~ and the fact that they are practically absent in well grown fmshes ?
seems to point to the conclusion that salmon do not feed in the_
. fresh water of a short river like the Tweed except under extra- s

ordinary cbnditions, when a“prolonged stay is imposed upon them",
t"Thus TOSH found. conditions similar to those reported by
McINTOSH 4O years previously, and expesses them also in similar

terms.

~From the parasitic fauna§ of‘thé Tweed and the Tay salmon,




rs

N
I

which may be compared to that of the Baltic Sea salmon- with regarq

to their composition, it appears that also the Engllsh Scottlsh

ascending salmon do not deviate from the general standard They

also starve before Spawning and for a considerable tlme afterwards,ff

until the intestine has regenerated sufficiently (GULLAND) to be

able to resume its digestive functions. If necessary, the descendlng.
salmon can take in food, but as a rule does so only after it hasj g}:
left the fresh water and is travelling towards the sea through

the zone of brackish water,

Finally, let us compare the Pacific salmon with the Atlantic .

salmon. Unfortunately, the parasitic fauna of the Oncerhynchus_d‘

species of North America, the salmon species of those'regions,;has:
been little sﬁudied as yet., Except in the publication% by ZSCHOKKE
and HEITZ (116), hardly any definite specific names are given. ~:- 112

Only Abothrium crassumsis mentioned by the‘other authors, which

unfortunately is the very parasite which lends its host the 1east -

distinct parasitological profile. In addition to this very-common,;v?’

salmonid cestode, Ascaris capsularia, Coenomorphus grossus, Tetra- -

rhynchus quadrirostris and Bothriocephala larvae also pafasitize“

the various Opcorhynchus Spe01es. The Acanthocephala are represented-’

|
by 2 marine species., Trematodes are absent, at least they are

.unknown, WARD'S statements in this neSpectAare-still,very uncertain,

Of purely potamophiloﬁs parasites,twe:know onlyfecteparasites
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(Copepods) and Henneguya Zschokkei. Pelichnibothrium caudatum,

a marine cestode, also seems to occur quite frequently.-

We see that little is known about the fauna, but from_thése'A
findings as well as from the descriptions Ey McMURRICH (65), MILNE
(67), and ffom WARDts paper which supplies considerable information,
we can reconstruct a certain pictﬁre. According to WARD)S obser; |

vations (102), Oncorhynchus nerca feeds ﬁomaciously in the sea, but. o

does not take any food in fresh water., Aftef spawning, most of the
fish die.- The population of endoparasites did not change much during

the journey of the salmon, either. Only Abothrium crassum disappeared:

completely in fresh water, which, however, could be explained by
the rare occurrence of this éestode. After the fish have died, all.
parasites léave the intestine. No more endoparasites of pdtamo-
‘philous origin entered the fish; dhly.large numbers of ectoparasites
attached themselves to the gills and the skin - similar to the

Rhine and Elbe salmon.

- It seems to be due to the low rate of infection and the

long journey that Oncorhynchus nerca from the upper course of the

river has no more cestodes. Rhine salmon often has many of those
cestodes in the lower course of the river, and in the upper course,
hardly 1,000 km higher upstream, only few specimens or remains are

left or they are entirely missing.

All this shows that first the behaviour of the parasites
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in Oncorhynchus nerca does not differ as much from that'of the, ;*3
Rhine salmon as WARD had assumed. Both lose their parasites ,.f ,ﬁ
gradually, one more slowly than the other; afterail, this varies

even among Rhine salmon.Both retain their body cavity parasités; ‘5,“11
as is to be expected. Also, both have only purely marine parasiteé'
while ascending. During their enpire journey to the spawning

grounds they do not take in any freshwater parasites. While the

Oncorhynchus species die, however, from exhaustion after their long -

Journey, the Atlantic salmon has the opportunity to take in purely

potamophilous parasites while descendlng to the sea.

WARD's observations agree completely with those made on
the salmon from Kamtchatka, and the above statements apply therefore 
fully to that Asiatic salmon, too. From the composition of the

parasitic fauna and the origin of the individual parasitic SpeCies,‘

_ZSCHOKKE and HEITZ (116) have demonstrated that the Oncorhynchus

species of Kamtchatka must be very similar, too, to Salmo salar

from the Atlantic ©cean and from the European rivers. The parasitic’

fauna of the-Oncorhynchus species from Kamtchatka consists of only

a few species: 9, of which 5 are cestodes, 1 a nematode, 2 acantho-
cephalans, and 1 myxosporidian. Of these 9, 7 are purely or almost‘

purely marine; only Abothrium crassum and the myxosporidian

Henneguya Zschokkei are’potamOphilous. There are also very few

mature forms (2: Abothrium crassum and Echinorhynchus gadi) and

intestinal parasites among the parasites. This, again, is in agreement
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with conditions in the European salmon. "The composition and . gg:f_"

character of the parasitic fauna of Oncorhynchus is explalned by

the habits of the fish, its single journey upstream, and’ 1ts_]‘

starvation period in the river"(116).

c .

" In concluding, let us con51der briefly the parasitological -
results obtained by WARD (103) when examining the purely potamophllous

‘'salmon species Salmo salar sebago from Lake Sebago in North America,‘*”i

Théy cannot be compared with any of the European salmon discuésed«§ ff"A
in the course of this chapter. They come closest to conditions in

the Baltlc Sea salmon. A parallel can perhaps be drawn to the salmon f 
which allegedly have become inhabitants of the vast Russien and -

Swedish lakes and reportedly do not descend to tﬁe sea any more; like
the sebago salmon. Unfortunately we do not have any para51tologlca1 ll@
detalls on those freshwater salmon, but we may assume that their | ‘

faunas are purely potamophilous, too.

As I have already set out in detail in the chapter on

systematics, Salmo salar sebago has a purely potamophilous parasitic

" fauna conSisting of various cestodes and cestode larvae, one trematode
have

and several nematodes which, however,/not yet been clearly identified.

WARD suspects at least one form to be of marine origin: an interesting

parallel to the cases mentioned by ZSCHOKKE (115) from Silurus

glanis and Lota vulgaris. Abothrium crassum is met Ccommon because - -

living conditions were highly favourable for it: the more purely
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potamophllous a salmonld the higher its rate of 1nfectlon by th;s

cestode. Baltlc Sea salmon are more strongly 1nfected by it than

North Sea salmon, maplne trout more strongly than Balt;c Sea salmon;a.f

and the highest rate of infection, as becomes obvioﬁsrfrom WARDfs:ﬂf?*f

figures, is found in sebago salmon,

Its purely.potamophilous parasitic fauna is due to ibs. Zu.v
living habits - it does not migrate to the sea any more, but staYs_a'
in fresh water all its life, has stayed there for generations,. and .

has adapted itself completely,

WARD (103) concludes his observatlons with: the follow1ng

\sentence which has my full agreement

"The parasitic fauna of any animal (here Spec1ally of the

sebago salmon) is the product of its habitat",

3. The parasitic fauna of some other migratory fish

After having dealt with salmon and their parasites, let us

'have a look at some other migratory fish to see whether we find

agreement of habitat and parasitic fauna in them, too. Already
ZSCHOKKE (112) pointed out that in other migratory fish, too, the -
composition of the parasitic fauna was the reflection of their :
living hablts. On the basis of more recent’ studies and observations

I would like to advance along the same llnes as ZSCHOKKE
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Nutrition and parasitic fauna of the foilowing migratorysﬁvﬂf

fish shall be discussed briefly below:

"Salmo trutta | .:‘ - Anguilla vulgaris

Osmerus eperlanus ‘ Petromyzon fluviatilis .
, , Coregonus oxyrhynchus Acipenser sturio

Alosa vulgaris

Together, these 7 migratory fish {Salmo salar and its para- - -
‘sitic fauna excluded) carry 112 parasitic species, of which 18 areg‘;lifn;
" cestodes, 41 trematodes, 36 hematodes, and 17 acanthocephalans. .

' They may be divided into the follow§ng groups on the basis of their”¥57-

. origin:
- Marine o : L . ' ;“%Wﬂ;w;m>_ffm3“45;
' épredomlnantly -marine™" grlO )
' Marlne-pOtamophllousg : : " 19.§
(predominant ly potamOphllous ( 9)
4 ) 34
Potamophilous ' ' S 25 )
'Specific forms \ . 33
112

The maJorlty of parasxtes of mlgratory fish are trematodes f7'3 
"iand,purely marlne ‘a fact Wthh is of even greater 81gn1flcance =

+ for our purposes. There are, however, a considerable number of

: freshwater para81tes too." Those forms are fewest Wthh can parasitlze

| flSh both in sea and fresh water. :t f{fﬁ}{];‘ ‘]‘}f . " e_t”?,116
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In Table IX I tried to summarize the parasitic faunas of

several migratory fish. I included Salﬁo salar for purposes @&
of comparison. One glance at this Table shows that iﬁ_soﬁevmigfatofife'
fish the marine element dominates, in others the potamophllous .
element. To make matters even clearer, I have added another table
in which all specific forms have been omitted, and the malnly

marine parasites have been included in the purely marine spec1es;
the mainly potamophilous 1n the purely potamophllous Spec1es.

We get the following results{Table X).
I would, however, like to mention in éonnection'with thisdf
Table that the impression 1t gives 1s enly partly correct because

for one thing, all spec1fic forms have been omltted the nature of
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L their reSpectlve species, and for another the parasitic faunas\of

¢+ 1all migratory fish listed would have to be studied as ‘carefully

and thoroughly as that of Salmo salar in this paper.'

Table X
L g B e 7 e
o . i, polamaph. ’
Wanderfiselies - ] naring Arlen, R Tolal:
A C B 'C‘ \1lu\ D ]
- ‘ ;
T T Lllesa ewdgarts, l =900 9y ! = 10,0 0 ! 0.
Aelpenser sturio, f 12=85,7 9, ! 2== 143 "n ; L4
SAPctromyzon flueialilis, : D:=00,7 Y, 1 1=30.3 ‘_‘,', i 3
Angwilla volgaris. ; 29=63,0 9, i 17=237,0 ¢, 46
Salino saler (olne Leloparasit.)g~ 92=62,9 9, 13=07,19 + 35
Osmerus eperlunus. bT=41,2 9 10=158,8 9, | 17
Sulmo trwta. [ 4=20,00% 1 16=50,0 9 1 20
Coregonies owyelynelues, - { 2=200¢ 1 8=5000 10
A '« migratory fish B - marine species

C - potamophllous species D - total
: E - (without ectoparasites)

Apaft‘from Salmo salar, Anguilla wvulgaris has undoubtedly -

the most interesting 1i?ing habits, development and nutrition.
It migrates to the sea tOVSpaWn and presumably dies there after
spawning . The young eel, or elvers, stili undergoing metamorphosés,
- ascend from the'depths of the sea to the coastal waters. They are
said to refrain from feeding durlng that period. Not before reachlng\ ;;j
fresh water does the young eel start taking in food, flPSL plancton
and terrestrial forms, later also young fish and frequently even
the eggs of other freshwatef fish. Thé eel remains in fresh water
5-8 years and feeds there. Upon maturity it descends to the sea

again, without feeding, to spawn there in great depths., More recent




studies have shdwn that large numbers of elvers remain aﬁ-the-coaéﬁ:~ '
and in mouths of rivers, while the others ascend the streams. These T
* which remain- are mainly males Wthh feed on marine anlmals of" ali

types and wait until the females descend thesstreams ., Together

they mlgrate then to the spawning grounds. We haveé, therefore, ;2s' 

groups of eéls which live in completely different habltats.

What is the relation between parasitic fauna and nutrition in’
these animals? Looking at the figures in Tables IX and'X, we see
immediately that their parasitic fauna consists of almost equal‘

numbers of marine and potamophilous species. Contrary to Salmo salar, 

freshwater elements are strongly represeﬁted which indicates'feeding'j
4in that medium, Comparing the statements made further above on the :
nutritional habits of the eel with~ the fivures of the Tagi;s, we
notice that there is agreement in many feSperS we may assume that
the males remaining in the sea would have rather marine and possiblys -
marine-potamophilous parasites, while the females‘become infected  °
in frésh‘water with purely potamophilous and potamophilous-marine:
species. This, therefore, is an exact mirror image of the living

habits of the eel and a distinct indication of the various habitats

it frequents.

Let us now consider the other migratory fish, first Alosa
vulgaris. BARFURTH (4), WEBER (105) and HOEK (40) have studied the

nutritional habits of this fish. They examined the stomach cdhte@ﬁ%,'




of old and young shads and obtained the followfing interesting . §'5’”
results: The descending young shads feed on insects and small
| crustaceans. The old ascending fish which migrate to their sPawnihg~-;£

grounds, however, have often only a.mucous plug in their stomachs -

e

which contains remains of food inside, mostly remains of the

brackish water form Temorella affinis. When entering the mouth:of jt-'_‘

the river, the fish still feed, but on their way upsﬁream they do 118
: _ never '
" not feed at all. Exhausted from their journey which/takes.them

_ far upstream, and from Spawningjthey return to the sea, emaciated. % -

Let us again compare these findings with the figures on':‘

the pérasitic fauna of Alosa vulgaris in Fables IX and X. Again

we find full agreement between nutrition and parasitic fauna. The
‘marine element predominates., On account of its starvation period

in fresh water Alosa vulgaris does not have an opportunity to become ’3

infected with potamophilous parasites. Another contributive factor -
is the fact that the shads never travel far upstream; according to ..

HOEK, ‘they 6ften.hardly leave the brackish water region,
Again, biological and parasitological observations agree
- wWith each othér. | |

. Unfortunately we know little as yet on the nutrition of

N

‘-y,Acipenser Sturio'and Petromyzon fluviatilis.ﬁ Presumably they both

-~ feed on small animals in the sea; in fresh water, on the other hand, e

during their migration to‘their SpaWning gfbuhds; they take in very g'




little food., Petromyzon fluviatilis which leads partly a parasitig

life, has a very specific parasitic faunaj; as can be seen from

Table IX. In Acipenser sturio the marine elements dominaﬁe.’

Now t0 the clgsest relatives of the salmon, Osmerus eperlanus, :

Coregonus oxyrhynchus and Salmo trutta. They are the exact_bppositeynfT 

of all migratory fish so far mentioned with regard to nutrition.

Osmerus eperlanus and Coregonus oxyrhynchus prefer'the'Balticf

Sea. Both migrate into the coastal rivers falling into the Baltic |
Sea to spawn and there feed in the same manner as in the sea, Thesé},”i
living habits naturally determlne; also the populatlon and the
character of the parasitic fauna, and 1n both fish the potamophllous
lelement is iﬁ fact stronger than the marine element. Another factpr. 9'
may contribute to this phenomenon, namely, that both fish species
live in the Baltic Sea which has repeatedly been classified as véfy,f:

favourable for the adaptation of potamophilous Species. Osmerus

eperlanus and Coregonus oxyrhynchus can therefore becom%;nfected

with potamophilous parasites already in the brackish water region, 119

It should also be pointed out that Coregonus oxyrhynchus can adapt -

itself very easily to purely freshwater conditions.

Again, in these migratory fish from the Baltid‘Sea far-

reaching agreement between 11v1ng habits. and- parasitic “fauna.

Salmo trutta, finally, leads a life similar '{co 'that .
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‘of the two abpve-mentioned fish, Unfortunately we are not entlre;y

'~ fresh water. ‘After SpaWnlng it feeds agaln and slowly descends to Eosy

¥ g f’

~fam111ar with the living habits of marine trout, Systematlcally‘

it stands between the purely potamophllous brook= trout and the"”'“:

migratory fish Salmo salar, and also with regard to its livingi‘

habits,~so'that the opinion has been repeatedly voiced that the

~marine trout'coald perhaps be a hybrid of the two fish species.

In the sea the marine trout feeds as much as the salmon ahdnf' :

7:dlscont1nues feedlng only with the commencement of maturity whlch

can already set in in the sea, It starves while it mlgrates in

the sea, Accordlng to GIARD (26,37), the marine trout stays 1n.the3a']'

- sea & long as the salmon,

- Let us compare the above with the parasitic fauna of the

marine trout. Immediately we notice that the purely potamophiloué

“and potamophilous-marine element dominates. When discontinud&ng:

feeding, the marine trout presumably loses its marine parasites .

which it carried from the sea. AfterISpawning, however, it proves

' to be a voracious predatory fish (the nature of trout) and therefore.‘f
*becomes:infected with a large number of potamophilous parasites.

“It is 1nterest1ng to note that of its 17 para81tlc species, as many_a

as 12 are found. also 1n Salmo fario,

From what we know today about the para81t1c fauna and

‘ llVlng habits of the marine trout, they also agree.'
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From ‘these few examples on the relatignship betweea nutn&tlon ;

and living hablts, on the one hand, and parasxtlc fauna on the“

other hand, it becomes apparent that we can dnawcconclu81ons from R

the nutrltlon biology of an animal on its parasmtlc fauna and v1ce
versa: from the parasitic fauna of an animal, its character and
its composition we can draw conclusions on the living<habits,' ”2ﬁ;f

habitat and nutrition of that animal.

This manifests itself most clegrly in migratory_fish.
Their parasitic fauna follows the same pattern as their living

habits which are completely determined by their séxual lifel;If_;'

some fish starve in the sea, they do not have any marine pérasites”lh-f'

(the female eels), if some starve in fresh water they dd'ﬁot have' -

- any potamophilous species at all (Petromyzon fluviafilis) or only

120

very few (Salmo salar). If they, however, feed both in the 'sea and -

in the fresh water; their parasitic fauna, depénding on the plaéer

the fish is caught, contairs either marine or potamophilous parasites |

(Salmo trutta, Coregonus oxyrhynchus, Osmerus éperlanus),




1V. Geographical Part - i

In 1896, ORTMANN (80) made the following comments on the

geographical distribution of these worms, in particular the
pafasitic forms: "Qur systematic knowledge of this groupsef animals e
(parasites) is still very inadequate, and our knowledge on their -

geographical distribution is non-existent",

- Even today, 20 years later, our knowledge in this reSpeéta'

has not widened much. Although abundant geographical findings‘aré

accumulated in numerous parasitological worksj no or very few

attempbts have been made so far to carry out comprehensive studies

on one or the other group of narasites. Exceptions are of course

the pathogenlc parasites of man _and--those” ‘driilials which are useful

to man, Their dlstrlbutlon and frequency has been studied extensively

for sanitary reasons,

Even in this paper it is impossible to carry out a thorough
study of the geographical distribution of fish parasites, as on the
one hand such studies would be too far-reaching, and on the other .

hand the subject is too great ad too difficult to be treated, as it

- Were, as a supplement to a parasitological-biological paper of

completely different contents.Research into the geographical
distribution of these parasites meets with great difficulties,

partly obstacles which cannot be removed with our present knowiedggﬁ,
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of the life of many of these parasites. The life cycle of most  f

of them is not known at all or only in fragments. We: know tﬁelr
hosts or the intermediate host(s ); of many parasltes.we ohlx;ggqriny?}“
or the othe}. We do not know how many hosts or,lntermedlate,hostghfgﬁ“

certain parasites havé; we do hot~know whether it undergoes a free ?f:

stage, thereby being exposed to extraneous influences, orvwhetherzvhf;gg
it is permanently attached to its host. We also know very few of -
the possibilitiés of spreading, both active and passive, of which = -

there ae surely a great number.

Below, I would like to discuss the geographical distribution

and the possibilities of distribution of some salmon parasites.

On account of their mostly inactive life, all parasites ére N

attached to their hosts or intermediate hhsts. We must thereforeif ‘h
study the geogréphical distribution of these hosts. In thecbhapﬁér‘“h‘
on systematics, I have divided the parasites oh the basis of,thiSh

. fact by classif&ing them into pufely marine, marine-potamOphilous,fh
!potamophilous-marine and purely ﬁotamophilous species, depending‘on .
whether they parasitize predominantly == marine’fishhor freéhwatef |
fish or only <= one or the other.uFrom‘the various lists of hosts

we see which fish, how many fiéh and, particularly,}which migratoryg
fish the 1nd1V1dual para81t1c Spec1es parasitize, The varlous

tables with the data on the various localities also show where

the respective parasites are found apdhwhat-ls,the;scope of thelhf‘f::

horizontal range of distribution.
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acklisch A\’m‘dhchus Tiismeer, Murman-
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Parasites

See in Turkestan, Baikalsee;

curopitische- ‘luBgebicte des Ob, Jenissci,

Babwasser- -‘.,5,.(“'icheg asialische I3the, " Weser, Ims, Rheln,
i . olre ? 5 h LA I
‘Tebensbierivk: ) vemiBisle Loire, Rhone, ) l\‘)‘- Fiber,
. Freshwa-horthern- Donau; russ. Zuflusse des
ter dera Sehwarz, Meeres.
rocer ﬁorth American

R R

A - Arctic Sea, coast of Murmansk Greenland

Verelnigt,

nord- i Staaten, Alaska,
'.\mml\.mmho ﬁ(uunldnd

<

{
|
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[ . Derogenes ('(u-ic‘u's,
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Lelthaster “gibbosus,  Brachyphallus
erenalus; Adbothrivn erassunt; Aseerls odunca, dsearis

clavata, Ase. wmnmm,«, Ase, wp\uiu/m .f\<, un"(l/n(a
Felinorhynchus gadi,

laewis.

i

Derog. vacicus, Lecith,  gibbusus, Brachyph, crentilits;

Abothr. crassum, Seolew plevvoncetisy  Ascaris adunea, § t-

Asn, clavate, edse. communis, osc. angulata,_oAse, cap.

swdaria; Lichinorhyn,  heteracanthis,  Ich. gadi, "Ilch s

truttae, Jich, salmonis, Ponplorhyn, leevis, Acanthae. |

e, R Sl A T S
o ’oraaa‘a }
‘um] lppts dscaris acuta, Feh. agitis, - St

lboll'num (f«n('nz, Asearts conmunds, dse. capsularia;

r}z tritiae, Ioch. gadl.
s

. : a4

S(‘ohz [)I(’lll(ll(t.(.{l\, Drach. crenatusy  Ascaris adunea,
se. eapununt's, dse. aeuta, dse, clavatu, Ase, m[«suluuu :

1(,,»uluu uu las luell,
Versehié ppl rodulosus; . Cucullunus :
clegunsy Ponpharhy. Im'c'ls ST _ ;
: ;

;

Nearhynchus agilis,
1riae 'un[*/mz as

Ascoris capsularia, dse. adunca.

Abuthe,
nodu-
clegans;

Crepldpstomuny farionds,  dsygie  tereticollis;

crassum, Schistocephalus gasterostel, Triacnopl.
usy Asearis aculeats, Ase. obtusocauwdain, Cus,

losus, Asea. euleate, Ase. oblusocaudain, C

Aeanth, luer, Lomphorhy.. dugols, Nearlynchas redli,
c‘l[ {Ht(((lr Leh. salmonts.,
Vi f’sachppl Brack. crenatus, -Lee. @ibbosus, Derog,

earicus; Scelex - plewroncetisy Ascarls cupsulnrie,
adunce, Ase: clavuta, Ase. conununls,
Leh, heteravanthis, Ick, gadt,

«ee,
Neorhy. agilis,

Asygla tereticollls;
aa x{vroxlm

Abothrivm  crusswn,
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B - Norwegian coast; Baltic Sea; North Sea; coasts of Ireland,

Belgium, France, Portugal
of Canada

Bering Sea; coast of Alaska,
Adriatic and Tyrrhenian Seas,
Tierra del Fuego, Chile.

Lake;
Yenisey, Elbe,

United States,

Loire

eastern coast of the United States

east coast-of Kamtchatka. o
Ligurian coast, Sardinian.coast;j‘

'Flat country lakes in Sweden and East Pru551a' ‘Lake Onega; Pldn
‘lake in Turkestan, Lake Baikal;
Weser;-Ems, Rhine,
Russian tributaries of the Black Sea.
Alaska, Greenland. -

river ba51ns of the Ob,
,. Rhone,
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dase, angulatay |

- Sehistoceph.

Po, Tiber, ’Danube;rg
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These two points, horizontal distribution and the number ﬁ"'

re

end species of hosts, have been elaborated in two Tables summarlﬁlng

the data contained in the various llsts of hosts., . ff'

Table XIais based on ORTMANN'S'(SO) zoogedgraphioal'
classification. We are concerned only with the following regions:l?55:~
-all subfegions{of'the Arctic zone, only the mediterranean.subreglon,“ﬁ'
comprising the Meditefranean, of the circumtropicaliione, and oolyV_‘

the southernmost local fauna of South America of the AntarcticVZOne;_gf

From this Table we can see at e glance which parasites afeff'“'
typical for any given region, but another point is of even greateffo*7
importance to us. We.find.that in eachAsubregion'(except in thetife' -
Arctic one) para81tes occur whlch are completely foreign to the
area concerned. ReSpon51ble for this circumstance are not only thef'
fish wkith a wide distribution, but particularly mlgratory fish.-

On their journeys in salt or fresh water they can Spread'the "5'ff123
parasite to completely different parts - of the sea of ritef basips..;_"'
- They mainly carry marine parasites 1nto fresh water and ootamophllous

species into salt water. Neorhynchus agilis, for instance, is'a

t&pical parasite»of Mediterranean fish, Through marine:fish:itimust"'f

have been spread to the Atlantic Ocean, and Salmo salarfeven takesjﬁV

it as far as the Rhlne Migratory fish also carry a falr number

of purely potamophllous parasites to the sea. Complete accllmatlzatlon,

however, does not take place at all or very rarely,‘even 1f the i'”r
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.repeatedly :
partlcular parasite is/carried into the’ forelgp medium (although-'

Salmo salar carries Derogenes varicus in large numbers into fresh

water, no freshwater flSh has ever been found infected Wlbh 1t)? }ﬁ;ufv
do

.ZSCHOKKE (115) reports on several cases of acclimatization (Tetrafeffﬁfv
rhynchus erinaceus and Ascaris capsularia). FRITSCH's (24) report I“s7“5

on the infection of Elbe fish by Scolex pleuronectis can likewise**

be 1nterpreted as an acclimatization of the parasite to fresh water,
although perhaps only temporarlly. UsuallyF parasltes die in a X ;
medium foreighnto them, if they do not leave thelr hosts, llke‘thel?55v

rectoparas1tes before the latter enter a dlfferent medlum. rhf'

The above, however, applies only to the acclimatization‘df-§7‘l
parasites'to lodlities far away from their usual habitats, so that';siﬁr
only pure migratory fish which regularly travel from one medium to

the other, can be considered to spread the parasites.

Conditions-are different in the transitional zone between
fresh water and sea, in brackish water. There , an exchange of
marine and potamophllous parasites is nothing unusual, and we mlght
‘even speak of a parasitic fauna of brackish water. One part of that"h
fauna is contrlbuted by marine fish, the other part by freshwater :;;
flSh Of course migratory flSh again play the main part in Spreadrng
‘the para51tes, but. many other fish also enter that reglon elther
in search of food or to Spawn. All of them carry para81tes 1nto

bracklsh water freshwater flsh potamophllous sPec1es marlne flSh
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to brackish w;ter if they find sultable hosts or 1ntermed1ateiA#l;f”:
~hosts, and when feeding both marlne and potamophllous flsh may become-h
infected Wlth para31tes Wthh are totally foreign to thelr Spe01f1c ;if'
parasitic fauna There is of course the morekpportunlty for such R
an 1nfectlon the larger the area of brackish water is and the moreiff”ﬁf
slowly the tran81tlon from fresh water to salt water is made, As Ie;éi,f
have already nemonstrated in the systematlc part and esnecially f?if

in the faunistic part, the Baltic Sea is a vast body.ofjbrackish”;7“J'
water. Therefore we find there the greatest exchangeiof marine and}jft?
potamophilous faunal elements. Especially in the eastern:part:ofiiif*'
.the Baltic Sea, this intermingling of species iS‘almest'the rule,;'f:“
In the East Prussian legoons and the Finnish reefbelt, we find o
both purely freshwater and purely marine fish, also a large numter .

of migratory fish of which in particular 2, Osmerus eperlanus and

Coregonus oxyrhynchus, are almost typical of the'Baltic Sea. They

'fall contrlbute to the possible accllmatlzatlon of one or the other.
species to bracklsh water. This, however, completely blurs the |
zoogeographical boundaries which hold true for maring. and potamophllous
para81tes elsewhere, Not- only ‘do m£££ﬁé fish take freshwater

elements to the sea from there and fresnwater flSh marlne elements

far inland, but also the migratory flSh acqulre the elements forelgn

- to their para31tlc fauna and carry. them 1nto fresh or salt water.

Salmon whlch as we now know do not feed 1n fresh water and therefore




 hosts are avallable, thus providing a suitable nutritiwve medium for

+ do not acquire parasites, or only very rarely, bécome infected w1tg

~while they gather in front of the mouth of the river to set out’ onff;

_'thelr Jjourney upstream.

‘the paraslte the latter can become acclimatized to a foreign .

.‘- a
o

potamophilous parasites, if not in fresh water, S0 very llkely 1n'

. |;~'_ '

brackish water, either on their return from the streams or perhap?'f’f“

Intermediate hosts naturally play an important part in the. =+

acclimatizatioh of a parasite in a certain area. To the extent such

habitat. This is again very difficult in localities at a great

distance from the natural habitat of the parasite, and very easyfin‘jl2

. i e .

 localities where the two habitats meet. Here again the. Baltic Séa"'

- provides the most favourable conditions, and we find all marine-

potamophilous or potamophilous-marine salmon parasites there. The ’

latter element dominates in the Baltic (5 species, 4 of them

_acanthocephalans, compared to 3 species); in the North Sea, on the

other hand, we find more marine-potamophilous species (4 compared to

2), that is species introduced from the sea.

It is therefore obvious that.the distribution of the
parasite is closely linked with the distribution of hosts and

intermediate hosts., If the latter are m1881ng, the parasmte cannot

become accllmatlzed in a forelgn habltat Ascaris acuta and

>Neorhynchus agllls are above all representatlves of the parasmtlc




. fauna of the Mediterranean.This 'is presumably gue to the hlvh sa}tf*}3”
content of that water body. The intermediate hosts cannot llve ;n'fje”
seas' with lower salt content and thereby the dlstrlbutlon of thé
parasites in their larval stages is limited. As mature worms these n”‘”
two species, as we have seen, can be carried to far-away localitiesft‘
~and occasionally even into fresh water by migratory'fisn. In'thé:

Baltic Sea salmon the Rhynchobothria larvae are mostly missing"

because their' hosts, in particular the Selachii, 'do not come to the
Baltic Sea. Freshwater fish which live far away from the sea do not
have any marine parasites (apart from the few exceptions'alreadyh”

mentioned above),

If a parasite is widely-distributed, however, we may with fair
certainty take this to be an indication for a wide distribution of

their hosts and intermediate hosts. Calliobothrium filicolle w1th 1ts'

larva Scolex pleuronectis, and Pomphorhynchus 1aevls take thelr e

‘hosts and intermediaterhosts especially from among fish which by-‘ o
their natural, more or less wide distribution provide for a wide

distribution of their parasitesytoo. Abothrium crassum can be found._

in all water bodies of the Arctic and moderate zdnes of the northern.4
hemisphere, like its hosts, the Salmonxdae. It is an 1nterest1ng
fact that the parasites spread: malnly from east to west and from west g

to east, rarely from north to south and V1ce ‘versa. ThlS is ea81ly

explained by the fact that on the same latltudes the 11V1ng condltlons.‘
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are more or less the same and therefore also the hosts and inter- 127
mediate hosts. Typical examples are the distribution of Abothrium
crassum and the‘distribution of Derogenes varicus, both of whmch
‘llve only in the Arctlc ‘and moderate zones ~but occur on the
European and North Amerlcan coasts. -
Let us also con51der brleily the dlstrlbutlon of salmon

~Vumber of

5
B
)
|
i

S

i Anzahl dev .

Table XTI

B e s et e Ll horowmiaion b

‘parasites- in hosts or 1ntermed1ate hosts. Table XII 1nforms us oﬁ<§ ¢j

the number and‘spec1es of»the mar;ne; mlgratory'and freshwater fishﬂ\;
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in which salmon parasites have been found.

According to the Table, 355 fish»wereeinfected of-whiéhu
256 were marine, 19 mlgratory and 80 freshwater flSh This comp051tlone

shows again that Salmo salar has parasitic species which mostly

parasitize marine fish, too, which is indirect proof that the
parasitic fauna of salmon is more marine than photamophilous. The

Teleostei easily have the highest rate of infection,~several

classes of which have numerous parasite carriers - the Acanthopterygii

(percids, mullids, sparids, sciaenids, etc.), the Anacanthini

(gadids, pleuronectids, etc.) and the Physostomi (salmonids, cypri;f

nids, esocids, etc.). The rate of infection in the ganoids and. "

Selachii, on the other hand, is low,.

Among the Physostoﬁi are those fish which have most of the'lf

parasites in common with Salmo salar, above all Clupea harengus with |

12 species, Salmo trutta and Anguilla vulgaris with 14 species each;

Gasterosteus aculeatus from the class of the'Aoanthoptherygii‘has'

12 salmon parasites. The distribution and rate of infection off'”'

’ parasites in the individual families can be seen from the varioﬁs”ﬂr%;
lists of hosts in the chapter on systematice,and frem the above° ":,
Table, The figures 1l-4, 5-10, 11-20, 21-40, refer to the number of -
salmon parasites found. The flgures in the columns refer to the’,‘ .

number of fish which may be infected w1th-the above;mentloned. o




2\
numbers of parasites, for 1nstance' 26 Selach11 were found 1nfec$ed ;‘

by l-4 salmon parasites, or: of migratory Physostomi, 4 are 1nfgctedﬁ

with 1-4, & with 5-10, 2 with 11-20, and 1 with 21-40 salmon %

parasites,
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V. Summary of results

(1) From previous studies and this author's own examinations,

the list of parasites of Salmo salar was drawn ﬁp as follows:

Table XIII.
(R) Table XIV provides information on the origin of salmon

philous).

(3) The following parasites are:

f(a) new in Salmo salar: Tetrarhynchus erinaceus v.BEN.

kb) new in Rhine salmon: Lecithaster gibbosus (RUD.),

Azygia tereticollis (RUD.), Creriflostomum farionis (MULL.);

Scolex pleuronectis MULL.

(c) new species for science (found in Rhine salmon): Tetra- .

bothrium spec. HEITZ, Echinorhynchus heteracanthis HEITZ.

(4) The nature of the intestinal parasitic\fauna éhanges with
the change of medium. Only parasites enclosed in the body cavity .
and in compact organs remain the same. The longer the salmon stays
in the'river, the less numerous iﬁ species and individuals the

fauna of intestinal parasites becomes. The intestinal parasitic

fauna of Salmo salar reflects its habitats.

(5) Salmon living mainly in the sea have purely marine, marine-

potamovhilous and very rarely potamophilous-marine parasitic species.’
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in fresh water (sebago salmon).

(6) The ascending salmon loses its marine parasites.'Thefdﬁscending

salmon has no or very few marine forms,

Table XIII

Endsparasiies. "Nemathelminthes:
M i
Plathelminthes. ’ Nemalodes: i
. 32, dAsearis cluvata 116D, ‘
Trematodes: 2" ; fucata 1t -
33, Asearis pdunea 1iup. ;
V. Derogenes caricus (MiLL.). 3. ddsearis acuta ML,
-!'.2. Brachyphalles erenotos (e, 35. Asearis ongidata Rep,
8. Hemduras Liiked (Ovin). 36, Ascaris ehtusoenudata Zrp, o
4. Deminrus appendicaletus (Run.). 7. Ascaris aculecti v. Linst.
5. Distonuan reflecum Zsenog i nees |8 dsearis capsudurin o,
p Cueppiy. 39, Asearis conumuais Dirs,
i e Distorun A leaeheri 75cnoKRE, 40, Ascris spec. Mol T,
25, Distonun spee. Me, Ixrosit, 41, Ascaris spoe. TANTON. |
VS, Sindstrophorus simple: (Rarnl). 42, Ascaris spee. J. LSCUBKKE, !
! . . . C
19, Leclthuster giblozus (Ruv.). 43, Ascoris spee. 1L, 75CHORKE, |
A0, Azypia tereticollis (Rub.). 4h. Ascaris spee. 1eera,

i‘:'\

E N IIT] ¢ V7 ro 0 ’
11, Crepidnstanuun farionts (ML), . Cuctllanus elegans 4uv. .

Cestodes:- Acanthocephaleow

=
<y

2. Abothriwum crossum (Brocn), . Neorhynehus ratili (Monn.).

Batheincephelus osmeri v. Taxsv. | 47, Neorlynchus agilis (1Rup.).
Dothrincephalus  spec. 1. larca 48, Acontherephalus tuedd (M),
ZEEHOKKE, ‘ 44, Ichinariynehus gudi ML),
. Bethriocephalus  spee. - T, larva | 50, Fehinorhynchus  trutios S(ZIH'..\NK,_:'
ZSQUDKKE, 51, Fehinorhynhus salmunis MEut. §.
s Dothrineephalus spee. ILI. larea | 52 Jehinorhynchies heteracandhis (
735CHOKKE, : HErre, !
. Bothriocephulentareer 4sClHOKKE. 53, Ichinurhynchus spee. Scixein, }
. Buihriocephalus spee. TIASSALL. 549, Tehinorhynchus spec. ZSGUOKKE. |
Tacnia spee. luroa ‘Tosi, 55, Doyphorhynchus laceis (LoEGA). i
| - Terabotlrivan minimun v, 11xs%, : ’

Tetraboilotuwm spee. larea Tosi. [Detoparasiies.
Cetrabothrivne spee. luron I, '
Lricenaphorus nodulosus (PALL).
. Schistueeplalus zosterostel (Fann.).

Copepodse:

u
fo2

Tepeophtheirus Steénii Bain,

Seolex plevroncetis Moy, 57. Lerndeopoda selmonea Lax, . ‘

. Cocnomorphus grossus (Rup.). 88, Lernecopuda corpionls KBApy. |

. Petrarhynchus queadeivostris (Guel). | 39 drgulus coregond 'THokELL,
Tetrarlomelins erinaccus v, BN, . . A
P . Hivwdine es: B
Tetrarhynchus paleaccus Rub. : ) i

- Teirarhynehies spee. Mo, Isv. GO, Discieoln gemmeira LN, o
Petrarhynchus spee. Z8CHOKKE, 6L, Cystobranchas respirons Yroscu, i)
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parasites are already reduced i

1

Tabl

XIV

Parasifen:

!
.
1

4
o8
v

K

. Derogreees verivis,

. Brackyplallus crenatus,

. Hemiurus Liihei,
Aleniterus appeadicondolus,
. Distomum’ reflexun,

. Distomam Miescherd,
istonaun spée.

. Sinistrophores simple,

Jecithuster gibbusus,
Asygie teretivollis,

. Crepidustomum farionds.

. buthriun crassum.

13, Bothriocephalus vsmert,
Va, Botheiocephadus spee. 1.
V5. Rothrivecphalus spee. 1.
16, Rothriveephalus spre. 141,
- A7 Botlaiveephalenlorven.
I8, Dothriveephalus spee.
A0 Taeniu spee.
20, Petrabotheinae minineam.,
BRI ‘etrobothrion spee.
W Tetrabothrivan spee.,
28, Triacnnphorus nodulosus,
240 Sehistocephalus gusterosted.
25, Sealex plearoncetis. '
26, Cocnomarphus grossus,
27, Tewrarhynclus quadrivostris

i,
R

©3n,

B S o

Tetrurhynchus crinacens,
Tetrarlynchus paleaceus,

. Tetrarhynelas spec,
< Tetrarhynchus spee,

searts clicatu.

Ascaris aduaca.

. dsearls acuta.

Ascaris angulata.
Ascarts oblusacuduta,
Ascarls ecwdati.
Asearts capsularad,

:.-1.:‘0:11‘1'.\' ComminIs,
adsearis spee,
. elscarda spees

2 Ulsearis spee. 1

|

el

Parasites _ -speci

1
T
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NERCH
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T4
117
22
4

26
21
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n the sea,
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i L1192
f o o I .i ! in ? ! vi;\ ? “iwi'n ? " At ]'}'
Argsd bons sl N . al: !
P atddites specitico | s g ol
A T
;’::}. Ascarts spee. 1/, |- 1 g 1 z - 1
Wi, Ascaris spee: ' |- — T S 1
5. Cuenllanus elegans. i ] K ‘ 18 24
A6, Neorhynelus rutili, [ — 30 an 32
47, Neorlynelues agilis, i 8 2 s 10
4S. Aeanthocephalus lueil, R 4 928 L6 !
49, Jochinorhynchus gadi, ; 51 3 B 70
50, Eehinorhynchus iruttue. S 2 2 H
1. Leliinorhynchus salonis, 5 A 0 1y
52, Fehinothynchus hetera-
canthis. ’ I~ E — | — 1
j53. Lelinarhynchus spec. b - 1 — 1
Sh. Leehinorhynchus spee. -7 -+ e ?
85, Punmiphorhynchus laeeis. ; 17 8 A 70
: H 1
: | !
56, Lepeophtheirus Strémii. i e B e =
:57. Lernocopoda selmonea. . i -+ ! R R
38, Lernaeopoda carpionis. R ; ?
39, Argulus enregoni. — ! N ! 7
80, Piscicola geomnetra. i _ i ~}= ~f- i ?
SOL Cystobranchus respirans. I R I : e j ?
\ Purely marine forms: 18
‘ y Marine~potamophilous forms 6
Potamophilous-marine forms - , 7
Purely potamophilous forms 10
Forms specific to salmon
. \ (marine?) 20
Konne! N ,
Derans. o . Total . 61 : - -
7 conclude that their starvation period does not depend on the change
of medium,but is closely linked with their sexual development.
The fact that after spawning the descending salmon has
occasionally freshwater parasites can be interpretedsas a sign
for the fish feeding in fresh water, although very little. This .
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agaln shows that feeding and starvation, reSpecﬁlvely, ‘do not depsnd

L "on thecchange of medium, ' r'

The duratlon of the starvation perlod depends on thc lenéth é
of the sexual period; both coincide’ fore -or less ﬁlth the stay of e
the fish in fresh water, as can be seen from the parasitic fauna,
from its decréase in species and numbers of individuals, and from 132

. its faunistic composition. )

Témporal changes in the onset of the sexual period and the
begin of the freshwater stay, and different lengths of these two

periods are reflected in a change of the parasitic fauna,

(8) Fromi'a comparison of the faunistic composition of the parasitic

fauna of Salmo salar in fresh water with.that of the salmon in the

sea it can be concluded that the salmon starves at least while

ascending and spawning in fresh water.

The same result is obtained from physiological studies and

findings.

. - (9) - This-applies above all to the Rhine, Elbe, Weser and Loire

salmon. The parasitological finds in the Tweed and Tay salmon, on

the other hand, admit a twofold interpretation: either the fish

- starve in theriiver (as in the Rhine, Elbe, Weser and Loire) or
?

feed occasicdnally inifreskh watér -

S 0 e b Pt e ho s s



(10) The statement that the parasitic fauna 1n the dlfferent -g*
media is a product of nutrltlonal ‘habits, also applies to Angullla

vulgaris, Alosa vulgaris, and severdl other migratory flsh. ‘ ?

(11) Parasites are carried to other media by mlgratory flSh but
in localltles at great distances from the natural habitat of the
parasites this results in accllmatlzatlon only in very rare cases

and even then only temporarily.

At the boundary between the two media, in brackish water,a:
great exchange and ‘permanent acclimatization of purely marine and
purely potamophilous parasites can be observed. This renders the

- zoogeographical boundaries very indistinct.

(12) Parasitological-faunistic findings are of great value for
nutrition biolbgical and zoogeographical discussions,

\ _
' Parasites are clear indicators for uhe llfe cycle of an

animal. From them it is possible at any time to ascertaln on what

the animal feeds, where it lives, whether it suffers from scarcity . .

of féod or whether it lives in abundance,

lgéi.ﬂi
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Legend for Figures in Tabl -~

. as = apial sucker le =
ak = protrusion canal ms =
b = bothria | . oc =
blds = caeca of parts of  ov =

intestine ‘ ovd =
bs = ventral sucker ‘  ph-
de ¥ ductus ejaculatorius pp =

‘dh = ductus hesrmaphroditus
ds = part of intestine ro =
eb = excretory vesicle Crp
ep = excretory pore rs =
est = excretory stems - rsch
fkx = packed body (glandular cells) %t -
ga = genital atrium sb =
gl = bell-shaped uterus sphv

- glt = pouches of bell-shaped uterusut -

" gp = genital pore ' v =
glgr = base of bellpshaped uterus
'h = testicle ‘ vk
ha = neck zgl =
hk = posterior .part of body
1s =

ligamentum suspensorium

Jemnisci

= retractor receptaculi

oral sucker
esophagus
ovaries
oviduct

= pharynx

pars prostatica

= proboscis

rostellum

receptaculum seminis
= sheath of proboscis
retinaculum

seminal vescicle

= sphincters- of vagina
uterus -

vulva
vag = vagina
= anterior part of body

cells of bell-shaped uterus

Distomum Miescheri ZSCHOKKE, female

b - uterus,

Fig.1l.
Fig,2. Echinorhynchus heteracanthis nov.spec., female,
Fig.3 . Echlnorhvnchus heteracanthis nov.spec.,female
- Female genitals. a - bell- shaped uterus

and ‘'vagina
Fig.bL. :hchlnorhynchus heteracanthis nov. Spec., female,
' - Proboscis
Fig.5. Tetrabothrium nov. spec. ‘
Fig.6. .Coenomorphus grossus (RUD.). a - according to HEITZ

" to FRITSCH (1894)

(1915); b - according to TOSH (1905);
.‘Natural size. . -

¢ - according
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